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PREFACE 

The  lessons  now  published,  in  somewhat  expanded  form,  were 
originally  given  in  the  years  1896  and  1897,  when  the  writer 
had  the  great  good  fortune  to  be  in  charge  of  the  Bacterio- 
logical Department  at  University  College,  London,  under, 
successively.  Professor  Victor  Horsley,  F.K.S.,  and  Professor 
Sidney  Martin,  F.K.S. 

The  course  of  study  is  such  as  is  generally  required  by 
those  working  for  a  Diploma  in  Public  Health ;  but  attention 
has  been  paid  to  the  special  needs  of  clinical  bacteriologists. 
As  far  as  possible,  only  the  simplest  and  most  reliable  methods 
of  staining  are  mentioned. 

Minute  details  of  technique  have  been  mentioned  in  order 
to  facilitate  the  work  of  those  who  may  not  have  recently 
passed  through  a  class  of  Morbid  Histology.  It  is  hoped  that 
the  descriptions  will  prove  sufficiently  clear,  so  that  the  student 
may  be  able  to  carry  out  the  directions  without  having  con- 
stantly to  appeal  to  the  teacher,  who,  otherwise— and  almost 
more  so  than  in  any  similar  subject — needs  to  be  continuously 
at  the  side  of  the  beginner,  a  feat  not  easy  to  accomplish  in  a 
large  class. 


In  the  text,  descriptions  of  the  cultivations  precede  those 
of  the  microscopic  appearances,  as  newly  made  cultures,  after 
incubation  over-night,  should  invariably  be  inspected  before 
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!°Tn         another  day's  work,  and  laboratory  cultures  are 
available  from  the  first  for  examination  by  the  student  in 
.ntervals  of  preparing  the  film  .pec.mens tg  o  ' In t 

lormalm,  as  directed  on  p.  33. 

Objection  may  be  taken  to  the  amount  of  detail  given  in 
deahng  with  certam  subjects,  notably  ringworm,  and'ca^c  ^ 
These   exceptions  to  the  general  rule  are  meant  only  for 

pomt  for  research,  n.  the  directions  indicated,  by  the  apphca- 
t.on  of  modifications  of  methods  and  media  alriady  known 

The  methods  adopted  by  Phmmer  m  his  recently  recorded 
brilliant  mvestigatrons  on  cancer  are  given  m  detail,  so  that  this 
work  may  be  repeated,  the  results  confirmed,  or,  if  need  be 
qualified  ;  and  then  still  further  extended.  The  repetition  of 
a  recorded  experiment  often  leads  to  the  most  valuable  dis- 
coveries ;  and  the  establishment  of  a  single  new  fact  in  the 
aetiology  of  a  disease  may  confer  untold  benefit  upon  suffer- 
ing humanity. 

As  regards  the  illustrations,  the  majority  have  been  pre- 
pared expressly  for  this  work,  and,  where  not  otherwise 
stated,  are  from  the  writer's  specimens ;  and  the  illustrators, 
Mrs.  Danielsson,  and  Mr.  Sheills,  of  the  firm  of  Messrs.  John 
Bale,  Sons,  and  Danielsson,  Ltd.,  deserve  the  highest  praise  for 
the  great  pains  they  have  taken,  and  the  skill  they  have 
exhibited,  in  carrying  out  their  difficult  task. 

For  the  loan  of  blocks  of  most  of  the  apparatus  I  have 
to  thank  Messrs.  Baird  and  Tatlock,  Messrs.  Swift  and  Son 
kindly  providing  the  two  illustrating  micrometers,  and  Messrs. 
B.  and  J .  Beck  the  two  showing  their  new  centrifuge. 


Several  illustrations   have  been  borrowed  from  sources 
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mentioned  in  the  text,  and  lor  the  loan  of  these  I  have  to 
express  my  great  obligations  to  the  respective  authors  and 
publishers. 

It  has  often  been  necessary  to  quote  freely  from  current. 
EngHsh  text  books ;  and  though,  as  far  as  possible,  such 
sources  have  been  duly  acknowledged  in  the  text,  it  will  be 
convenient  to  mention  the  most  important  of  these  here,  as, 
together  with  Sternberg's  classical  work,  they  will  form  a 
useful  reference  hbrary  for  the  student.  Abbott's  '  Principles 
of  Bacteriology,'  Crookshank's  'Bacteriology  and  Infective 
Disease,'  Frankland's  '  Micro-organisms  in  Water,'  Hewlett's 
'  Manual  of  Bacteriology,'  Kanthack  and  Drysdale's  'Practical 
Bacteriology,'  Muir  and  Eitchie's  '  Manual  of  Bacteriology,' 
Sims  Woodhead's  '  Bacteria  and  their  Products,'  Schenk's 
'  Manual  of  Bacteriology,'  Symmers's  Translation  of  Thoinot^ 
and  Masselin's  '  Outlines  of  Bacteriology.' 

It  remains  my  pleasing  duty  to  gratefully  recognise  the 
extreme  patience  and  invariable  courtesy  shown,  on  every 
possible  occasion,  by  both  Publishers  and  Printers  alike. 

H.  J.  CUETIS. 

Harley  Street,  W.  :  October  1900. 
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PAET  I 

MANUFACTURE  OF  THE  NUTRIENT  MEDIA,  AND 
GENERAL  TECHNIQUE 

Sterilisation  of  glass  apparatus. — All  flasks,  petri-dishes,  and  other 
glass  apparatus  must  be  carefully  sterilised  before  use ;  and  here 
attention  must  be  drawn  to  the  fact  that 
the  packing  materials  used  by  the  manu- 
facturers are  teeming  with  organisms  and 
their  spores,  ,  particularly  the  Bacillus 
stthtilis,  or  hay  bacillus,  the  spores  of  which 
resist  the  action  of  steam  for  prolonged 
periods. 

New   glass   apparatus   is   cleaned  as 
follows  : 

1.  All  obvious  dirt  is  cleaned  away  by 
the  free  use  of  tap  water,  bottle  brush,  and, 
if  necessary,  sand. 

2.  Commercial  nitric  or  hydrochloric 
acid  is  then  employed  to  cleanse  still  further, 
and  to  kill  the  resistent  spores. 

3.  The  acid  is  removed  by  the  free  use 
of  tap  water,  and  the  flasks  inverted  to 
drain.  They  may  be  allowed  to  drain  in 
this  way  in  the  hot-air  chamber  at  100°  C. 

4.  They  are  then  plugged  with  wool.  Flasks  and  wool  are  now 
sterilised  for  tliree  hours  at  150°,  C.  in  the  hot-air  steriHser. 

5. ,  When  the  steriliser  has  been  allowed  to  cool  for  twenty  minutes 


Fig.  1. — noT-AiR  steeiliseb 

A,  tliermoraeter ;  B,  apertures  wlilcli 
can  bo  closed  by  a.  shutter  or 
slicliug  door  ;  C,  gas  regulator. 
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or  so,  the  plugged  flasks  are  transferred  to  a  cupboard  with  glass 
doors,  and  stocked  for  use. 

In  the  case  of  petri-dishes,  after  having  been  cleaned  &c.,  as 
directed,  they  are  wrapped  in.'  German  blotting-paper,'  and  sterilised 
for  three  hours  at  150°  C,  in  the  same  way  as  the  flasks.  They  are 
then  stored  ready  for  use  in  the  glass  cupboard. 


LESSON  I 

NUTRIENT  MEDIA 

Nutrient  broth.— 1.  To  a  litre  of  tap  water  in  an  enamelled 
saucepan  or  sterile  litre  flask,  add  Liebig's  Extract,  5  grammes ; ' 

"Witte's  peptone, 
10  grammes ;  so- 
dium chloride,  5 
grammes. 

2.  Mix,  stir- 
ring up  the  con- 
tents of  the  sauce- 
pan with  a  glass 
rod. 

3.  Boil  over 
Bunsen  flame  (or 
in  steam  steriliser, 
if  litre  flask  used). 

4.  Neutralise 
with  a  1  per  cent, 
solution  of  sodium 
carbonate ;  then 
make  slightl]^'  al- 
kaline. Filter  into 

Fig.  2. — steam  steeilisee,  oe  'steamer,'  with  eemovable  a  sterile  litre  flask. 

UPPEE     CHAMBEE,     AND     SUPPLYING     CISTEEN     OE     WATEE  r       -pi,,„„  ;„ 

/TTi  J.   •   \  o.    JTiace  in 

ATTACHED.  (ExteMOr) 

steamer   (Mgs.  2 

and  3)  for  half  to  three-quarters  of  an  hour.     The  albumen  is 
coagulated,  and  the  fluid  portion  should  be  of  a  clear  straw  colour. 
6.  Fold  a  large  filter-paper  (in  the  manner  indicated  on  p.  5), 

'  Smear  with  spatula  on  to  a  piece  of  paper,  a  similar-sized  piece  of  paper 
being  used  as  a  counterpoise  in  the  other  scale-pan  ;  weigh,  and  then  put  paper  and 
extract  into  the  saucepan. 
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place  in  glass  filter,  moisten  it  with  water,  and  filter  off  the  coagulated 
albumen  &c. 

7.  Pi-om  the  litre  of  nutrient  broth  thus  obtained,  300  c.c.  are 
poured  into   each  of  two 
sterile  flasks   of   600  c.c. 
•capacity,  which  are  plugged 
with  sterile  wool. 

(a)  From  the  first  of 
i)hese  two,  nutrient  gelatine 
is  made  according  to  direc- 
tions, p.  7. 

(fe)  From  the  second, 
nutrient  agar-agar  is  made 
according  to  directions,  p.  9. 

(c)  The  broth  remaining 
in  the  litre  flask  (about 
400  c.c.)  is  poured  into 
sterile  test-tubes,  about  6  c.c. 
to  each  tube,  the  plug  re- 
placed, and  the  tubes  then 
sterilised  in  the  steamer  for 
ten  to  fifteen  minutes  on 
three  successive  days  (see 
p.  4). 

N.B.    If ,  for  any  reason, 
the  broth  is  not  made  into  nutrient  gelatine  &c.,  or  poured  into  test- 
tubes  at  once,  it  must  be  sterilised  in  the  original  flask  on  three 
successive  days.    It  may  then  be  kept  in  stock  till  required. 

If  the  whole  litre  of  broth  is  to  be  used  as  such,  none  being  wanted 
for  making  nutrient  gelatine  or  agar,  it  may  be  at  once  poured  into 
the  test-tubes  and  sterilised  three  times,  as  above. 

The  foregoing  method,  in  which  Liebig's  Extract  is  employed,  is 
quick,  cheap,  and  perfectly  reliable  for  ordinary  purposes. 

In  the  older  methods  the  best  meat — beef,  veal,  &c. — is  employed, 
and  doubtless  a  more  nutritious  medium  is  thereby  obtained.  It  is, 
however,  a  longer  and  considerably  more  expensive  method  than  the 
former,  and  the  broth  resulting  can  hardly  be  of  so  uniform  a  quality 
each  time  as  when  Liebig's  Extract  is  used. 

The  older  method  is  as  follows  : 

1.  A  pound  of  beef  (veal,  &c.),  as  free  from  fat  as  possible,  is  passed 
through  a  mincing  machine,  and  then  placed  in  one  litre  of  cold 
■distilled  water,  allowing  the  mixture  to  stand  in  a  cold  place  overnight. 

B  2 


Fig.  3. — ste.\m  stebilisee  seen  in  section 
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2  After  twenty-four  hours  the  whole  mass  is  strained  through  a 

tw/h  ""^^  ^'^'^^^  being  squeezed 

through  ,  and  distilled  water  added,  if  necessary,  to  make  the  volume 
again  up  to  one  litre. 

3.  To  this  litre  of  fluid  are  added  peptone,  10  grammes ;  sodium 
chloride,  5  grammes. 

4.  The  fluid  is  thoroughly  boiled  in  the  steam  sterihser. 

5.  Neutrahse  carefully  with  a  1  per  cent,  solution  of  sodium 
carbonate,  then  make  slightly  alkaline. 

6.  Boil  again  in  steamer  for  half  to  three-quarters  of  an  hour. 

7.  Pilter  through  a  folded  moistened  filter-paper  into  litre  flask  or 
.  test-tubes.    Plug  with  wool. 

8.  SteriKse  the  filtrate  in  steamer  on  three  successive  days,  for 
ten  to  fifteen  minutes  each  day. 

The  object  of  sterilising  the  different  media  on  three  successive 
days.—Bj  the  first  day's  exposure  to  a  temperature  of  100°  C.  the 
bacilli  actually  present  are  destroyed.  Spores,  such  as  those  of  the 
hay  bacillus  {Bacillus  siibtilis),  a,ve  also  present,  and  may  not  be  killed 
by  this  exposure  to  100°  C. 

Most  of  the  spores,  however,  develop  into  baciUi  by  the  second 
day,  so  that  the  second  sterihsation  is  effective.  As  there  may  be 
present  spores  which  require  more  than  one  day  for  their  develop- 
ment into  bacilh,  the  sterilisation  must  be  repeated  on  the  third  day, 
after  which  the  broth  may  be  safely  assumed  to  be  sterile. ^  If  these 
precautions  have  not  been  taken,  or  are  insufiiciently  carried  out,  the 
spores  will  develop  into  bacilli,  and  contamination  with  the  latter  will 
be  indicated  by  a  turbidity  of  the  previously  clear  straw-colom-  fluid. 

For  special  purposes,  to  ordinary  nutrient  broth,  glycerine,  sugar, 
phenol,  formate  of  sodium,  &c.  may  be  added. 

Glycerine  broth. — 5  to  8  c.c.  of  glycerine  are  added  to  every 
100  c.c.  broth,  before  the  final  sterilisation.  This  is  especially 
useful,  for  example,  for  the  culture  of  the  Bacillus  tuberculosis  in  a 
fluid  medium. 

Sugar  broth  (Glucose  broth). — To  every  100  c.c.  nutrient  broth,  1  or 
L  grammes  of  grape  sugar  (glucose)  are  added,  after  neutralisation. 
In  practice,  1  per  cent,  sugar  broth  is  found  to  be  better  than 

'  The  thin  muslin-like  material  used  commercially  for  wrapping  up  butter,  and 
known  as  '  butter-cloth,'  or  '  butter-muslin,'  is  useful  for  this  purpose.  It  should 
be  sterilised  and  kept  in  large,  wide-mouthed,  glass-stoppered  bottles,  ready  for  use. 

-  Hewlett  [Manual  of  Bacteriology)  attributes  the  sterilising  effect  of  repeated 
heatings  partly  to  the  injurious  action  of  alternate  heating  and  cooling. 
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2  per  cent,  for  anaerobes  (such  as  those  causing  tetanus,  maUgnant 
cedema,  &c.),  and  it  is  chiefly  employedfor  their  cultivation,  and  also  for 
demonstrating  the  formation  of  gas  by  certain  organisms,  e.g.  B.  coli. 

Formate  of  sodium  broth.— Formate  of  sodium,  in  the  proportion 
of  0-5  gramme  to  every  100  c.c,  is  added  to  nutrient  broth  before  the 
final  steriHsation-  of  the  medium.  This  is  used  for  the  cultivation  of 
anaerobes. 

Phenol  broth.— Pure  phenol  is  added  in  various  proportions  to 
nutrient  broth  after  the  final  sterihsation.  This  medium  has  been 
largely  used  in  the  attempt  to  separate  B.  typhosus  and  B.  coli  from 
a  mixture  containing  other  organisms ;  and  in  the  proportion  of 
-J^  c.c.  of  a  5  per  cent,  solution  carboUc  acid  to  10  c.c.  of  nutrient 
broth— which  means  a  percentage  of  0-05  phenol — the  growth  of 
other  non-pathogenic  organisms  is  certainly  checked,  whilst  the  two 
specially  mentioned  above  appear  to  grow  uninterruptedly.  It  is,  of 
course,  useless  as  a  method  of  separating  B.  typhosus  from  B.  coli, 
the  more  resistent  organism  ;  and  the  danger  of  kiUing  the  typhoid, 
whilst  the  coli  organism  still  continues  to  develop,  has  largely  limited 
the  use- of  this  medium. 

'Parietti  broth'  is  also  used  in  the  attempt  to  separate  B. 
typhosus  and  B.  coli  from  a  mixture  of  other  less  resistent 
organisms.  It  is  made  by  adding  to  tubes  containing  10  c.c.  neutral 
nutrient  broth,  varying  quantities — from  3  to  9  drops — of  the  follow- 
ing solution :  Pure  phenol,  5  grammes ;  pure  hydrochloric  acid, 
4  grammes  ;  distilled  water,  100  c.c. 

The  amount  used  for  each  tube  is  noted  ;  and  after  keeping  them  at 
37°C.  for  twenty-four  hours,  so  that  any  contaminating  organisms  which 
may  have  fallen  into  the  tubes  at  the  time  of  adding  the  mixture 
may  be  destroyed,  the  medium  is  ready  for  use. 

Various  other  substances  have  been  added  to  nutrient  broth  for 
special  purposes,  besides  those  mentioned  already,  but  the  latter  are 
perhaps  the  best  known  and  most  generally  useful. 

To  fold  a  filter-paper.— The  semicircle  a  d  b  (fig.  4)  represents  a 
circular  filter-paper  folded  in  two  along  the  diameter  A  b.  The  paper 
is  again  folded  by  bringing  the  point  A  over  the  point  B,  so  as  t. 
form  a  crease,  c  d,  separating  the  quadrants  A  d  c,  b  d  c.  A  series' 
of  segments  separated  by  creases  are  similarly  made  as  follows. 
Fold  the  paper  so  as  to  bring  the  point  A  over  d,  producing  the 
crease  e  c;  bring  b  to  d,  making  a  crease  f  c.  Bring  a  to  f, 
making  a  crease  g  o  ;  and  b  to  e,  making  a  crease  H  c.  Then  bring 
A  to  E  and  B  to  f.  All  the  creases  are  on  the  upper  siirface  of  the 
semicircular  piece  of  paper.    Turn  the  under  surface  uppermost,  and 
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subdivide  each  segment,  a  c  i,  i  c  e,  &c.;in  the  same  way,  the  creases 
now  made  being  on  the  side  opposite  to  those  which  were  first  made 
When  this  has  been  completed,  the  filter-paper,  when  opened  up  (fi.  6)' 
will  present  a  zigzag  margin-,  abccU;  but  at  one  place  the  zigza^ 


Fig.  4. — diagram  of  folded  filteh-papeb 

is  replaced  by  a  '  bay,'  c  f  cj.  h,  and  a  similar  one  will  be  found  on 
examining  the  margin  of  the  filter-paper  immediately  opposite  the  first 
seen.    Each  of  these  is  to  be  subdivided  by  a  crease,  which  divides 


Fig.  5.- — diagbam  of  edge  of  opened-out  filter-paper  to  show  the 
'  BAY  ^  {e  f  g  h)  and  zigzag  {e  f  ^  g  h)  referred  to  in  text 

into  two  equal  parts  the  segment  indicated  in  the  figure  by  the  line  /<7, 
so  as  to  form  a  zigzag  (e  f  *  g  li)  instead  of  a  '  bay  '  {ef  g  h). 

The  paper,  when  thus  completely  folded,  is  placed  in  the  glass 
filter  and  moistened  with  distilled  water  before  use. 

The  object  of  folding  the  paper  is  to  increase  the  area  available 
for  filtration ;  at  the  same  time,  less  paper  comes  into  close  contact 


NUTRIENT  GELATINE 


7 


with  the  crlass  filter  than  if  no  ridges  were  present.  Filtration  is  thus 
r^stened^or  both  reasons,  and  is  further  accelerated  by  moisten- 
^llTe  v^L,  especially  in  the  case  of  nutrient  gelatine  and  nutrien 
air  wS  I'apid  filtration  is  a  sine  qua  non.  The  last-menUoned 
Sa  have  a  Ldency  to  clog  the  pores  of  the  paper,  unless  this  is 
prev^^usly  moistened.  Even  with  this  precaution  nutrient  agar 
p-esents  serious  difficulty  when  filtration  is  attempted,  even  if  a  hot- 
water  jacket  (fig.  6)  surrounds  the  filter. 


LESSON  II  (A) 
NUTEiENT  MEDIA  {continihecl) 
Nutrient  gelatine.-l.  To  one  of  the  two  600  c.c.  flasks,  containing 
300  c^c.  nutrient  broth  set  aside  from  the  last  lesson,  add  121  per  cent. 
(i:e.  37^  grammes)  of  Heste- 
berg's  '  gold  label '  gelatine. 

2.  Place  in  steapaer  for  one 
hour,  to  thoroughly  dissolve 
the  gelatine. 

3.  Neutrahse  again  with 
1  per  cent,  sodium  carbonate 
solution,  as  the  gelatine  added 
to  the  slightly  alkaline  broth 
makes  it  acid.  There  may  be 
considerable  effervescence. 

4.  Clarify,  by  adding  the 
white  of  an  egg. 

5.  Boil  in   steamer  for  a 
quarter  of  an  hour. 

6.  Filter  through  a  moist- 
ened folded  filter-paper,  placed 
in  a  hot-water  filter  (fig.  6), 
into  a  fresh  flask.  The  filtrate 
should  be  quite  clear  and 
translucent ;  if  not,  filter  once 
more  through  butter-cloth,  and 
then  through  a  fresh  filter- 
paper. 

'  The  amount  of  gelatine  may  be  varied  with  the  external  temperature,  more 
being  used  if  necessary,  e.g.  in  very  hot  weather.  Some  habitually  use  10  per  cent., 
but,  for  the  reason  indicated,  12^  per  cent,  is  very  satisfactory  for  most  purposes. 


Fig.  6. — hot-watek  filter 

The  glass  filter  is  surrouniletl  by  a  hollow  copper 
jacket  ooutaitiing  water  heated  by  the  flame  of 
a  Biinsen  burner  applied  to  the  hollow  project- 
ing handle  seen  descending  obliquely  to  the 
right  in  the  figure. 
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7.  Decant  into  sterile  test-tubes  6  or  1  f)  r.  ^  f ^  u 
«H.e  on  tH.e  suooes..  Oays  in  la'erforrlnSSi' 

''f  """^  solidification  of  ths  gelatine  to  occur 
half  the  number  of  tube,  being  kept  in  a  vertLl  po.itL  the 

remainder  being  inclined  to 
about  an  angle  of  10°  with  the 
horizon  (see  p.  9). 

Glycerine  g^elatine  is  made 
by  the  addition  of  from  6'  to 
8  c.c.  glycerine  to  every  100  c.c. 
nutrient  gelatine  before  the 
final  sterihsation.  The  addition 
of  glycerine  to  the  gelatine 
enables  B.  titberctUosis  to  grow 
on  an  otherwise  unfavourable 
medium. 

Sugar  gelatine  (Glucose 
gelatine)  is  made  by  the  ad- 
dition of  1  or  2  grammes  of 
grape  sugar  (glucose)  to  every 
100  c.c.  nutrient  gelatine  after 
neutrahsing.  Test  again,  and, 
if  necessary,  make  slightly 
alkaline  by  adding  1  per  cent, 
sodium  carbonate  solution. 

This  is  a  good  medium  for 
the  cultivation  of  anaerobes, 
1  per  cent,  being  generally  the 
best  proportion  to  use. 

Formate  of  sodium  gelatine. 
0"5  gramme  of  formate  of  so- 
dium is  added  to  every  100  c.c. 
nutrient  gelatine  before  the 
final  sterilisation. 

Phenol  gelatine. — The  addi- 


Fig.  7. — autoclave    (extebiob)  toe  the 
peoduction  op  supebheated  steam 


tion  of  c.c.  of  a  5  per  cent,  solution  of  carbolic  acid  to  a  tube  contain- 
ing 10  c.c.  nutrient  gelatine  tends  to  check  the  growth  of  non-pathogenic 
organisms  liquefying  gelatine  ordinarily,  and  does  not  interfere  vnth 
the  development  of  B.  tyjjJiosus,  or  B.  coli,  in  a  mixture  of  organisms. 

Beer-wort  gelatine.— Add  to  1  htre  of  beer-wort,  preferably  un- 
hopped  (to  be  obtained  at  a  brewery),  100  grammes  of  gelatine. 


.HOOl.  MFDICIi 

NUTRIENT  AGARy(^ilV;  FGS^{|;il^N9  '"Aait^  ^  9 

Proceed  as  in  the  case  of  nutrient  gelatine,  but  do  not  neutralise. 
Beer- wort  gelatine  and  beer-wort  agar  (made  similarly)  form  the  best 
culture  media  for  the  yeasts,  and  are  also  excellent  for  the  moulds  of 
ringworm,  favus,  &c.  (Hewlett).^ 

Nutrient  agar-agar. 
1.  To  the  second  flask, 
containing  300  c.c.  broth 
set  apart  (p.  3)  for  making 
agar-agar,  add  2  per  cent, 
agar-agar,  i.e.  6  grammes. 

2.  Place  in  the  auto- 
clave, and  keep  at  120°  C. 
for  three-quarters  of  an 
hour. 

3.  Test  the  reaction. 
If  necessary,  neutralise 
again. 

4.  Clarify  with  the 
white  of  an  egg. 

5.  Place  in  autoclave 
again  for  half  an  hour. 

6.  Miter  through  a 
moistened  folded  filter- 
paper,  placing  the  glass 
filter  &c.,  with  flask,  into 
the  steamer.^ 

7.  The  contents  of 
the  flask  being  now 
quite  fluid,  decant  into  Fig.  8. 
test-tubes  rapidly,  about 
6  c.c.  into  each.  Plug, 
and  sterilise  for  one  hour 
in  the  steamer,  for  three  successive  days. 

On  the  third  day  place  most  of  the  tubes  in  an  inclined  position, 
so  as  to  obtain  a  sloped  or  oblique  surface  on  solidification  for 
inoculation  ('  streak  cultures'). 

The  remaining  tubes  are  to  be  kept  upright  for  '  stab  cultures.' 

Glycerine  agar  is  made  by  adding  6  grammes  of  glycerine  to 


AUTOCLAVE,  SHOWING  INTEEIOE   ABOVE,  AND 
INNEE  AND  OUTEE  EINGS  OF  GAS-BUENEES  BELOW 

Both  rings  are  used  until  the  temperature  has  been  raised  to 
120°  C,  and  then  the  inner  one  alone  is  sufBcient  to  maintain 
that  temperature  for  the  desired  period. 


'  Manual  of  Bacteriology. 

-  The  hot-water  filter  (p.  6)  may  be  used.  But  the  method  of  filtering  in  the 
steamer  is  preferable  in  the  case  of  agar-agar,  which  otherwise  so  rapidly  cools  and 
solidifies. 
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every  100  c.c.  of  the  nutrient  agar,  after  the  medium  has  been  kept 
in  the  autoclave  three-quarters  of  an  hour  (stage  2,  p  9)    The  sub 
seq^^ent  stages  are  the  same  as  for  ordinary  agar-agar  6  to  10  c  c 
of  themedmm  being  decanted  into  each  test-tube  beLe  sterilising 
and  subsequently  placing  them  in  a  slantnag  position,  in  which 
solidification  will  occur  rapidly. 

Sugar  agar  (Glucose  agar).-After  neutralising  ordinary  nutrient 
agar  (stage  3  p.  9),  1  or  2  grammes  glucose  (grape  sugar)  are  added 
to  every  100  c.c.  agar-agar.  Boil,  and  note  if  alkaline;  if  not,  use 
more  sodium  carbonate. 

This  is  an  exceedingly  useful  medium  for  anaerobic  cultures  1  per 
cent,  being  better  than  2  per  cent,  glucose,  generally 
•  Neutral  litmus  agar  is  made  by  adding  to  tubes  of  filtered  glucose 
agar-agar  a  few  drops  of  sterilised  saturated  infusion  of  litmus.  It  is 
most  useful  in  demonstrating  the  reaction  of  the  products  of  micro- 
bial activity. 

Formate  of  sodium  agar-agar  is  made  by  the  addition  of  0-5 
gramme  of  formate  of  sodium  to  every  100  c.c.  nutrient  agar-agar 
before  the  final  sterilisation. 

Beer-wort  agar-agar  (see  p.  9). 

Potato.— 1.  Good-sized  healthy-looking  potatoes  are  well  washed 
under  the  tap,  using  a  scrubbing  brush  if  necessary. 

2.  With  a  potato-borer,  cylinders  are  bored  out  by  steady  pressure, 
avoiding  all  rotatory  movement.  On  withdrawing  the  borer  and  push- 
ing out  the  potato  (by  means  of  the  left  thumb),  the  cylinder  will  be 
found  split  into  two  symmetrical  halves. 

3.  The  ends  covered  with  brown  peel  are  cut  off,  and  the  potato 
half-cyhnders  allowed  to  soak  -  overnight  in  tap  water,  so  as  to  get 
rid  of  the  excess  of  starch.  If  this  is  not  done,  after  sterihsation  the 
potato  will  be  found  darkened  in  colour,  and  must  be  rejected. 

4.  Each  half-cyhnder  of  potato  is  placed  in  a  large  test-tube,  or 
'  boiling  tube,'  which  has  been  previously  fitted  with  a  pad  of  wool  at 
the  bottom,  plugged  with  another  piece  of  wool,  and  steriHsed. 

5.  Distilled  water  is  poured  in  so  as  to  cover  the  lower  fourth  of  the 
half-cylinder.  This  will  prevent  excessive  drying  on  sterihsation.  Plug. 

6.  Sterilise  in  autoclave,  at  120°  C,  for  a  quarter  of  an  hour,  once. 
The  alternative  method  of  sterilising  in  the  steam  steriliser  for  one 

hour  may  be  used,  but  there  is  a 'tendency  to  excessive  drying  of  the 
medium,  and  a  single  sterihsation  at  100°  C.  is  often  insufficient. 

Peptone  water. — 1.  To  1  litre  of  tap  water,  add  peptone,  10 
grammes  ;  sodium  chloride,  10  grammes  ;  and  shake  up. 

2.  Boil  for  one  hour  in  steamer. 
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3.  Pour  into  sterile  test-tubes,  and  sterilise  on  two  successive  days. 

N.B.  Do  not  neutralise.  .        ,       i  j 

Pasteur's  solution.-The  formula  for  this  fluid,  so  largely  used 
before  the  introduction  of  nutrient  broth  and  the  solid  media  is  as 
follows:  Candy  sugar,  10  parts;  ammonium  tartrate,  1  part,  tne 
ash  of  1  part  yeast ;  '  water,  100  parts. 


■  LESSON  II  (B)  2 
NUTBiENT  MEDIA  {continued) 
Blood  serum— Milk— Eisner's  iMato  gelatine 

Blood  serum.— The  jugular  vein  of  a  horse  is  exposed  with  strictest 

aseptic  precautions. 

A  glass  cannula  is  inserted  into  the  vein,  and  the  blood  allowed  to 

flow  into  tall  wide-mouthed 

cyhndrical  glass  jars. 

These  are  plugged  with 
wool,  or  capped  with  some 
impermeable  material ;  the 
jars  are  then  set  aside  in  a 
cool  place. 

"When  the  clot  forms  and 
serum  is  squeezed  out,  the 
latter  is  siphoned  off,  prefer- 
ably by  the  aid  of  an  exhaust 
apparatus,  into  flasks  plugged 
with  wool.  Or  the  wool  may 
be  conveniently  replaced  by 
a  rubber  stopper  with  a  long 
piece  of  glass  tubing  reaching 
to  the  bottom,  and  a  shorter 
one  just  passing  through  the  stopper  and  provided  with  a  piece,  of 
indiarubber  tubing  with  a  spring  clip. 

'  Bucholtz  substituted  for  the  yeast  ash,  potassium  phosphate  0-5  gramme 
(Frankland). 

-  This  lesson,  though  of  practical  value  and  therefore  inserted  here,  may  be 
with  advantage  omitted  from  the  general  course,  owing  to  the  special  difficulties 
explained  in  the  text,  and  in  order  to  economise  time. 

Eecently,  uniformly  good  results  have  been  obtained  by  simply  aspirating  the 
squeezed-out  serum  through  a  Chamberland  or  Berkefeld  filter.  The  sterile  serum 
thus  obtained  is  then  poured  rapidly  into  sterile  tubes,  and  solidified  as  directed 
on  p.  12. 


Fig.  9. — koch's  seeum  inspissator 

The  felt' cover  of  the  glass  door  is  raised  to  sho^v 
the  tubes  in  position. 
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^''^'r'  '^'^  ^""'^      ^"  ^^^^rted  position,  and  the  serum 
lapidlyrun  nato  test-tubes,  which  are  then  plugged  and  llo.i 

s  wy  coa^;::r'™  ^^^-^^ 

.fi  f       "^^^  '^^^"'^  ''^P^'  Pl^«^d  in  the  incubator 

(fig.  15)  and  kept  at  37°  C.  for  three  days  "icuoatoi 

If  no  growth  is  visible,  they  are  considered  to  be  sterile,  and  are 
kept  m  the  dark,  m  an  ice  chamber,  till  required  for  use 

N  B.  Owing  to  the  practical  difficulties  in  carrying  out  the  above 
directions,  strictly  aseptically  from  first  to  last,  the  whole  batch  of 
tubes  may  be  found  contaminated  after  incubation,  even  in  the  case 
of  experienced  workers.  Hence,  as  a  rule,  it  is  far  cheaper  to  buy 
furnishers  ''""^^  laboratory  or  laboratory 

loffler's  alkaline  blood  serum.-This  is  an  even  more  favourable 
medium  for  many  organisms  than  ordinary  blood  serum,  and  is  made 
by  addmg  to  every  3  parts  of  the  serum,  when  in  a  fresh  liquid  con- 
dition, 1  part  of  a  nutrient  1  per  cent,  sugar  broth,  made  according 
to  the  directions  on  p.  4.  After  neutralisation,  the  broth  is  heated  on 
a  water  bath,  so  as  to  separate  the  albuminates ;  it  is  then  filtered 
and  sterilised  in  the  steamer  as  usual.  When  it  has  cooled  to  50°  c' 
it  is  well  mixed  with  the  liquid  blood  serum  and  sterihsed  by  dis- 
continuous heating,  and  subsequently  solidified  in  Koch's  serum 
inspissator  at  70°  C.  for  three-quarters  of  an  hour. 

Serum  agar-agar.— Kanthack  and  Stephens  have  recently  strongly 
recommended  the  following  formula  for  a  serum  agar-agar,  which 
they  find  to  be  a  good  selective  nutrient  medium  for  the  separation  of 
the  diphtheria  bacillus  from  the  tissues.^  The  serum  agar-agar  is 
prepared  from  ascitic,  pleuritic,  or  hydrocele  fluid,  to  which  enough 
caustic  potash  is  added  to  prevent  it  from  coagulating  on  boiling. 
This  alkaline  fluid  is  then  mixed  with  agar-agar  (1-5  to  2  per  cent.), 
and  boiled  up  in  the  ordinary  way  ;  and  finally,  after  filtration,  5  per 
cent,  glycerine  is  added  to  the  clear  agar-agar. 

Milk— Fresh  cow's  milk  is  placed  in  a  tall  glass  cyhnder  with  a 
tap  at  the  bottom,  and,  after  standing  all  night  in  a  cool  place  for 

'  '  The  Escape  of  Diphtheria  Bacilli  into  the  Blood  and  Tissues,'  A.  A.  Kanthack 
and  J.  W.  W.  Stephens,  Trans.  Path.  Soc.  vol.  xlvii.  1896.  Details  of  the  mode  of 
preparation  of  serum  agar-agar  are  given  by  these  authors  in  the  Lancet,  189G, 
vol.  i.  p.  83.5. 

Other  somewhat  similar  media  are  referred  to  in  dealing  with  the  cultivation 
of  gonococci,  p.  125  of  the  present  work. 
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the  cream  to  separate,  the  milk  is  run  off  below  the  cream  into  sterile 
test-tubes.  These  are  sterilised  in  the  steamer  at  100°  C.  for  half  an 
hour  on  three  successive  days.  It  has  been  recommended  to  facihtate 
the  separation  of  cream  by  placing  the  cylinder  of  fresh  milk  at  once 
into  the  steamer  at  100°  C.  After  half  an  hour  the  milk  is  run  off 
into  sterile  test-tubes,  and  the  sterihsation  is  repeated  on  the  two 
succeeding  days. 

Eisner's  potato-gelatine  medium. — Used  for  the  separation  of 
B.  typhosus  from  B.  coli  comnmnis. 

Make  a  decoction  of  500  grammes  of  potato  with  1  litre  of  water. 
This  amount  is  weighed  after  grating  the  peeled  potato,  and  it 
should  stand  in  the  water  overnight  and  then  be  strained  through 
butter-cloth.  Boil  with  15  per  cent,  of  gelatine,  i.e.  150  grammes  of 
gelatine  to  the  litre.  Eeduce  the  excessive  acidity  by  the  addition 
of  2'5  to  3  c.c.  of  decinormal  sodium  hydrate  solution  (i.e.  a  solution 
containing  4  grammes  of  the  alkali  to  the  litre  of  water)  until  the 
medium  is  of  only  shghtly  acid  reaction.  "When  cooled  dowa  to 
60°  C.  clarify  with  the  white  of  an  egg.  Sterilise  ;  test  the  reaction  ; 
and  if  the  acidity  has  increased  during  this  operation,  add  more 
sodium  hydrate  until  the  reaction  is  once  more  only  slightly  acid. 
Filter  into  sterile  test-tubes,  10  c.c.  to  each ;  sterihse  three  times  as 
usual.  Just  before  use,  Eisner  recommends  the  addition  of  1  per 
cent,  sterile  potassium  iodide,  i.e.  gramme  to  each  test-tube  of  the 
medium.  The  advantage  of  adding  the  iodide  is  not  obvious,  and 
has  been  denied  by  many  workers  (Delepine  and  others). 


LESSON  III 

COVEESLIP  PREPAEATIONS — METHODS  OF  STAINING 

A.  Coverslip  preparations.— No.  1  coverslips  should  alone  be  em- 
ployed, and  they  are  best  cleaned  by  dropping  them,  one  by  one,  into 
a  small  beaker  containing  boihng  nitric  acid.  After  ten  minutes 
they  are  taken  out  and  washed,  one  by  one,  in  tap  water,  and  then 
placed  in  a  small  closed  jar  or  petri-dish,  11  inch  in  diameter,  con- 
taining alcohol. 

The  coverslip  is  so  thin  that  the  least  force  appHed  to  the  edge 
of  the  glass,  so  as  to  bend  it  ever  so  shghtly,  may  be  sufficient  to 
break  it. 

The  following  method  is  elaborate,  but  its  careful  practice  will 
save  many  coverslips  and  much  annoyance. 


10. — COENET  SPRING-CLIP  FOBCEPS 
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1.  To  clean  the  cover8lip.-(a)  A  clean  rag'  or  silk  handkerchief 
freed  from  grease,  is  placed  over  the  palmar  surface  of  the  left  hand,  and 
a  fold  pushed  well  into  the  angle  between  the  thumb  and  index  finger 

{b)  With  fine  forceps  a  coverslip  is  taken  from  the  jar  of  alcohol 
and  placed  on  the  rag,  and  it  is  then  held  between  the  left  thumb 

and  middle  finger  (both 
covered  of  course  with  the 
rag)  and  supported  laterally 
by  the  index  and  ring  fingers. 

(c)  By  a  circular  move- 
ment   of    the    thumb,  the 
apposed  surface  of  the  coverslip  is  cleaned.     The  latter  is  now 
reversed,  so  that  the  opposite  surface  of  the  glass  can  be  cleaned  by 
the  movement  of  the  thumb. 

(d)  The  central  part  of  both  surfaces  of  the  coverslip  is  now 
clean,  and  the  peripheral  portion  can  be  dealt  with  by  rotating  the 
coversUp  between  the  left  thumb  and  middle  finger,  by  means  of  the 
same  digits  of  the  right  hand  applied  to  the  edge. 

(e)  Finally,  any  fluff  from  the  rag  must  be  blown  away.  The 
coverslip  is  held  horizontally  by  means  of  a  pair  of  cornet  forceps,  the 
lower  hmb  of  which  is  perforated  by  an  opening  not  unlike  a  keyhole 
in  shape.  We  may  therefore  briefly  indicate  this  as  the  '  keyhole  ' 
side  of  the  forceps  (fig.  10). 

2.  To  make  a  film  preparation.— (a)  With  a  platinum  loop  (fig.  11) 
sterihsed  by  heating  to  redness  in  the  Bunsen  flame,  a  drop  of  dis- 
tilled water,  kept  at  hand  in 
a  watch-glass,  is  transferred 
to  that  surface  of  the  cleaned 
coverslip  which  corresponds 

Fig.     11.  —  TIN      BACK      WITH       GLASS-HANDLED    ,    -iUiU     n        1,    1     •     •  T        r  ,  i 
PLATINUM     STAB-NEEDLE,     AND    LOOP     (wHICH    ^^^t^  the    keyhok     Side  of  the 
HAS  BEEN  DBAWN  TOO  LABGE,  PROPORTION.ALLy)    COmet  forcepS.^ 


'  Butter-cloth  (see  footnote,  ]}.  4)  is  recommended,  as  it  is  comparatively  free 
from  fluff,  and,  being  inexpensive,  may  be  thrown  away  when  too  dirty  for  further 
use. 

-  The  film  surface  should,  as  a  routine  practice,  always  correspond  with  the 
'  keyhole  '  side  of  the  cornet  forceps ;  and  in  taking  up  a  prepared  coverslip,  laid 
down  at  any  stage,  the  same  plan  should  be  adopted,  the  coverslip  being  picked 
up  so  that  the  film  and  '  keyhole  '  correspond  in  direction.  The  advantage  of 
thus  always  knowing  '  which  side  the  film  is  on  '  will  soon  be  appreciated,  espe- 
cially in  the  case  of  Van  Ermenghem's  method  for  staining  liagella.  In  this 
method  silver  nitrate  is  used,  so  that  a  mirror-like  surface  is  23resented  on  both 
sides  of  the  coverslip,  in  place  of  the  lustreless  appearance  usually  distinguishing 
the  film  side  from  the  other. 
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{b)  A  little  of  the  culture  given  round  (e.g.  Stcoijliylococcus  pyogenes 
aureus)  is  now  to  be  transferred  from  the  culture  tube  to  the  drop  of 
water  on  the  coverslip.  To  avoid  contaminating  the  cultm^e  by  allow- 
ing air  organisms  to  fall  in,  or  be  conveyed  in  by  means  of  the  platinum 
loop,  the  following  '  ritual,'  as  it  has  been  called,  must  be  observed. 

The  culture  tube  being  held  "between  the  left  thumb  and  index 
finger,  with  the  lower  end  directed  away  from  the  operator,  so  that 
the  upper  inch  or  so  rests  against  the  thenar  eminence  and  the 
sloped  surface  of  the  medium  is  clearly  seen,  the  wool  plug  is 
qmckly  burnt  in  the  Bunsen  flame;  then  with  dissecting  forceps 
(the  points  of  which  have  also  been  passed  through  the  flame)  the 
plug  is  by  a  rotatory  movement  withdrawn  for  about  a  quarter  of  an 
inch,  and  burnt  a  second  time.  By  means  of  a  similar  rotatory  move- 
ment the  plug  is  withdrawn  and  placed  between  the  index  and 
middle  fingers,  the  tube  being  kept  in  a  more  or  less  horizontal  position 
if  it  be  solid,  and  slightly  inclined  from  the  vertical  if  it  be  liquid. 

The  glass-handled  platinum  loop,  held  in  the  right  hand  like  a 
pen,  is  passed  through  the  Bunsen  flame,  the  loop  itself  being  down- 
wards. By  a  rapid  movement  obliquely  upwards  and  dovrawards 
through  the  flame,  both  loop  and  glass  handle,  except  where  held, 
are  sterilised,  the  wire  itself  becoming  red-hot. 

The  loop  must  be  allowed  to  cool,  otherwise  the  culture  may  be 
killed.  If  too  much  time  is  allowed  for  this  purpose,  however,  air 
organisms  may  be  carried  in  on  the  cold  loop. 

The  plug  being  withdrawn,  the  sterile  platinum  loop  is  inserted 
into  the  culture  tube  and  a  minute  quantity  ^  of  the  growth  removed. 
The  plug  is  sterilised  by  passing  it  through  the  flame,  and  then  re- 
inserted into  the  tube.  The  prepared  coversUp,  with  a  drop  of  sterile 
water  on  its  under  surface,  is  then  smeared  with  the  growth  on  the 
platinum  loop,  and  the  watery  emulsion  thus  produced  uniformly 
distributed  over  the  coverslip.  This  is  allowed  to  dry  in  the  air,  or 
by  warming  the  coverslip  at  some  distance  above  the  flame.  Such  a 
film  is  dried,  but  not  permanently  fixed  to  the  coverslip.  There 
would  be  great  risk  of  washing  away  the  film  if  it  were  placed  in 
water  at  this  stage. 

To  fix  the  film,  the  coverslip,  held  in  cornet  forceps,  is  passed  hori- 
zontally and  rapidly  through  the  flame  three  times.  This  coagulates 
the  minute  quantity  of  albumen  present,  and  the  film  is  thereby  per- 
manently fixed.  Subsequent  staining  and  washing  may  be  safely  un- 
dertaken without  any  fear  of  the  film  being  washed  off  the  cover-slip. 

'  Just  about  as  much  as  would  be  removed  by  the  point  of  a  platinum  stab 
needle,  which,  mdeedj  may  be  used  instead  of  the  loop. 
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_  B.  Stains  and  staining.-The  methods  of  staining  may  be  divided 
into  two  mam  classes  : 

1.  Simple. 

2.  Compound,  or  more  or  less  complicated/  including 

(a)  Gram's  method. 

(b)  Ziehl-Neelsen's  method  for  tubercle  bacilli,  &c. 

{c,  d,  &c.)  Spore  and  flageUa  staining,  and  other  more  special 
methods. 

1.  Simjole  staining.— By  this  is  meant  pouring  on  to  the  film  a 
stain,  and  after  a  certain  number  of  mmutes  pouring  it  off  and 
washing  carefully  and  thoroughly  in  water.  The  time  must  be 
sufficient  to  stain  the  organism  distinctly ;  the  subsequent  washing 
must  be  thorough  enough  to  wash  out  all  superfluous  stain,  so  that 
in  a  film  made  with  a  pure  culture  only  the  bacilli  are  stained,  the 
space  intervening  between  individual  baciUi  being  colourless.  This 
is  what  is  meant  by  making  '  a  clean  preparation.' 

To  stain  distinctly  and  to  obtain  a  clean  preparation  afterwards, 
will  require  varying  periods  of  exposure  to  the  dye  and  subsequent 
washing.  In  other  words,  the  staining  and  washing  times  vary  with 
the  intensity  of  the  stain  employed. 

Stains. — The  following  anihn  dyes  are  in  most  general  use,  and 
are  quite  sufficient  for  ordinary  purposes.  Many  others,  of  course, 
might  be  included  in  the  Kst ;  and  of  these,  thionin  (p.  256)  is,  per- 
haps, the  most  deserving  of  special  mention. 

1.  Loffler's  alkaline  methylene  blue  (' Loffler's  blue  '). 

2.  Carbol-methylene  blue  ('  Kiihne's  blue  '). 

3.  Anilin-water  gentian-violet  ('  gentian-violet '). 

4.  Watery  fuchsin  ('  fuchsin  '). 

5.  Carbol-fuchsin. 

6.  Anilin-water  ftichsin. 

Formulae  of  stains. — Saturated  alcoholic  solutions  of  crystals  of 
methylene  blue,  fuchsin,  and  gentian-violet  are  kept  in  stock. 

1.  Loffler's  methylene  blue  is  made  by  adding  to  100  c.c.  of  a  solu- 
tion of  potash  (1  in  10,000)  30  c.c.  saturated  alcoholic  methylene  blue. 

2.  Kiihne's  blue,  or  carbol-methylene  blue,  is  made  ^  according  to  the 

'  These  '  compound'  methods,  as  well  as  those  for  section-staining,  are  described 
subsequently  as  the  need  for  them  arises.  But  after  facility  in  simple  staining 
has  been  acquired,  Gram's  method  (see  pp.  96,  97)  may  be  conveniently  practised 
at  this  stage  if  suitable  organisms,  e.g.  a  Staphylococcus,  be  given  round  the  class. 

-  More  accurately,  1-5  grammes  of  methylene-blue  crystals  are  dissolved  in 
10  c.c.  absolute  alcohol,  and  this  solution  added  to  100  c.c.  of  a  5  per  cent,  solution 
of  carbolic  acid.  So  for  carbol-fuchsin  solution,  1  grm.  of  the  crystals  of  fuchsin 
being  substituted  for  1-5  grm.  methylene  blue. 
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formula  given  below  for  carhol-fuchsin,  a  concentrated  alcoholic 
solution  oi  methylene  blue  being  used  instead  of  fachsin.  This  is  a 
rather  more  intense  stain  than  Loffler's  blue. 

3.  Anilin  gentian-violet.— Yir^i  prepare  '  anihn-water  '  by  shaking 
up  into  an  emulsion  a  mixtm^e  of  5  c.c.  anihn  oil  and  100  c.c.  dis- 
tilled water. 

Filter  through  moistened  filter  paper.  The  filtrate  should  be  quite 
clear  and  free  from  oil  globules.  Dry  filter  paper  would  not  keep  the 
latter  back. 

To  100  c.c.  anilin-water  add  10  c.c.  absolute  alcohol,  and  11  c.c. 
concentrated  alcoholic  gentian- violet.    Keep  in  a  stoppered  bottle. 

4.  Watery  /Mc/ism.— Concentrated  alcohoHc  solution  of  fuchsin 
crystals  is  added  to  a  bottle  three-quarters  full  of  distilled  water, 
until,  after  shaking  the  bottle,  the  solution  is  no  longer  translucent. 

5.  Carhol-fuchsin.— Tlo  100  c.c.  of  5  per  cent,  carbohc  acid  add 
concentrated  alcoholic  solution  of  fuchsin  until  a  metallic  lustre 
appears  on  the  surface,  and  the  solution  has  lost  its  translucency.^ 

6.  Anilin-toater  fitchsin  is  made  according  to  the  formula  given 
above  for  anilin  gentian-violet,  a  concentrated  alcoholic  solution  of 
fuchsin  being  used  instead  of  gentian-violet. 

Of  these  six  dyes,  perhaps  the  most  frequently  used  are  Loffler's 
methylene  blue,  anilin-water  gentian- violet,  and  carbol-fuchsin.  Each 
stain  should  be  kept  in  a  wide-mouthed  bottle,  fitted  with  a  small  filter 
and  filter  paper, 
passing  through 
the  rubber  stopper 
(fig.  12).  Anilin 
gentian -violet  so 
readily  decom- 
poses in  contact 
with  the  air,  that  it 
is  a  good  plan  to 
keep  it  in  a  stoppered  bottle,  having  another  bottle,  fitted  with  filter,  &c., 
kept  in  the  staining  stand,  so  that  the  filter  is  ready  for  immediate  use. 

N.B.  It  is  absolutely  essential  to  filter  all  anihn  dyes,  and  the 
stain  should  be  enough  to  completely  conceal  the  coverslip  ;  otherwise 
an  unsightly  ring  of  deposit  may  remain  obvious  on  the  glass,  and 
be  difficult  to  wash  away. 

The  times  required  for  staining^.— These  naturally  vary  inversely 
with  the  intensity  of  the  stain  employed. 

'  The  turbidity,  which  is  sometimes  noticed  on  mixing  these  solutions,  can  be 
obviated  by  warming  the  stain  for  half  an  hour  in  the  steamer. 


Fig.  12. — stand  for  staining  eeagents 

Pour  of  the  bottles  are  fitted  with  glass  filters  passing 
through  rubber  stoppers. 


t 
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As  a  general  rule,  the  following  may  be  taken  as  the  average  times 
for  staining  film  preparations  :  Loffler's  methylene  blue,  6  or  even  10 
to  15  minutes  ;  auihn  gentian-violet,  2  to  2^  minutes ;  carbol-fuchsin 
1^  to  2  minutes. 

Very  little  subsequent  washing  in  water  is  necessary  in  order 
to  obtain  a  clean  coverslip  preparation  after  staining  with  Loffler's 
blue,  whereas  with  carbol-fuchsin,  as  also  (but  to  a  less  extent)  with 
gentian-violet,  a  very  thorough  washing  under  the  tap  is  necessary  ; 
or,  with  these  intense  stains,  the  coverslip  in  forceps  may  be  allowed 
to  soak  in  a  bowl  of  water  for  ten  or  fifteen  minutes,  depending  upon 
the  thickness  of  the  film  and  the  time  it  has  been  exposed  to  the  stain. 

Drying  and  mounting  the  coverslip  preparation. — During  the 
making,  staining,  and  washing  of  the  film  preparation,  the  cover- 
slip  has  been  held  in  the  cornet  forceps,  with  the  film  surface 
upwards,  corresponding  with  the  '  keyhole '  side  of  the  forceps  (see 
footnote,  p.  14).  Pieces  of  '  German  blotting-paper,'  conveniently 
cut  to  the  size  4"  x  5",  are  kept  at  hand,  and  one  of  these  is  folded  in 
half,  and  this  again  into  half  ;  so  that  there  is  a  pad  of  four  thick- 
nesses, i.e.  two  folds  each  of  double  thickness. 

After  draining  off  the  excess  of  water  by  holding  the  coverslip  in 
forceps  edgewise  on  the  pad,  the  paper  is  opened  out  and  the  cover- 
slip  is  placed,  film  side  up,  on  the  lower  fold  of  double  thickness — i.e. 
that  next  to  the  table — and  the  other  double  fold  is  pressed  gently 
down  on  to  the  coverslip.  This  absorbs  most  of  the  moisture. 
After  drying  the  2^oints  of  the  forceps,  the  coverslip  is  then  removed 
to  a  fresh  piece  of  the  same  pad  and  completely  dried,  by  again 
applying  gentle  pressure  upon  the  upper  fold  of  the  pad.  The  cover- 
shp  is  taken  up  in  the  cornet  forceps,  the  film  surface,  of  course, 
corresponding  with  the  keyhole  side  of  the  forceps,  and  placed  care- 
fully down  upon  a  small  drop  of  a  solution  of  Canada  balsam  in 
xylol  in  the  centre  of  a  clean  slide. 

After  a  few  moments,  excess  of  balsam,  and  any  air-bubbles 
present,  are  removed  by  carefully  gripping  slide  and  coverslip 
together  with  cornet  forceps. 

The  slide  should  be  at  once  labelled  with  the  name  of  the  prepara- 
tion, method  of  staining,  and  the  date. 


LESSON  IV 

METHODS  OF  CULTIVATION 


Liquid  media.— Nutrient  broth,  peptone  water,  milk. 
Hold  the  tube  to  be  inoculated,  together  with  that  from  which 
the  culture  is  to  be  made,  between  the  thumb  and  index  finger  of 


METHODS  OF  INOCULATING  CULTURE-MEDIA 


the  left  hand,  so  that  the  surface  of  the  agar-agar  growth  (preferably) 
from  which  the  cultivation  is  to  be  made  is  clearly  visible. 

The  '  ritual,'  as  it  has  been  called,  referred  to  in  Lesson  III.  (p.  15), 
of  burning  the  wool  plugs  twice  before  removing  the  latter,  has  to 
be  observed  every  time  a  fresh  cultivation  is  made.  Care  is  to  be 
taken  in  the  case  of  hquid  media,  during  this  passage  of  the  plugs 
through  the  flame  &c.,  that  the  fluid  is  not  allowed  to  reach  and 
moisten  the  wool.  This  is  avoided  by  holding  the  tubes  only  slightly 
inchned  from  the  vertical  during  the  process  of  burning  the  plugs. 

After  this  has  been  done,  and  the  plugs  of  the  two  tubes  have  been 
withdi-awn  and  held  between  the  second  and  third,  and  the  third  and 
fourth  fingers,  respectively,  the  platinum  loop  is  sterilised  in  the 
way  referred  to  (p.  15) ;  and  when  sufificient  time  has  been  allowed 
for  it  to  cool,  a  small  quantity  of  the  culture  is  removed  and  inserted 
into  the  tube  containing  the  hquid  medium.  The  best  way  to  inoculate 
fiuicl  is  to  begin  rubbing  the  loopful  of  culture  on  the  glass  itself, 
immediately  above  the  line  of  the  liquid,  inclining  the  tube  gradually, 
until  the  material  first  rubbed  into  the  glass  becomes  submerged, 
and  at  the  same  time  passing  the  loop  a  little  farther  into  the 
fluid.  The  reason  for  not  placing  the  loopful  of  growth  directly 
into  a  liquid  medium  is  that  the  culture  often  adheres  so  tightly 
to  the  loop  that  it  is  difiicult  to  detach  it.  Eubbing  it  first  into 
the  glass  and  then  gradually  into  the  liquid  obviates  this  difficulty. 

When  the  inoculation  has  been  made,  the  platinum  loop  is  with- 
drawn, the  plugs  burnt  in  the  flame  and  replaced  in  their  respective 
tubes,  and — without  having  laid  it  doivn  in  the  interval — the  loop 
needle  is  thoroughly  sterilised  in  the  flame,  and  placed  in  the  rack 
provided  (fig.  11).  The  tube  inoculated  is  at  once  labelled  with  the 
name  of  the  culture,  and  the  date. 

Solid  media.— Nutrient  gelatine,  agar-agar,  potato,  potato  gela- 
tine, serurn,  &c. 

These  media  can  in  most  cases  be  inoculated  in  two  ways,  accord- 
ing to  the  position  in  Y/hich  they  have  been  allowed  to  set  or  harden. 
They  may  be  sohd  cylinders,  the  so-called  '  stab  gelatine,'  '  stab  agar,' 
&c.,  in  which  case  a  straight  needle  inoculated  with  a  culture  is 
passed  directly  down  the  centre  or  core  of  the  cyhnder,  producing,  in 
time,  the  '  stab  cultivation.' 

But  if  the  medium  has  been  allowed  to  solidify  so  as  to  present  an 
oblique  surface  (gelatine,  agar,  serum,  &c. ;  or,  in  the  case  of  potato, 
spht  so  as  to  present  a  flat  surface),  this  is  inoculated  by  spreading  a 
httle  of  the  growth  over  it,  and  it  is  then  known  as  a  '  streak  cultiva- 
tion,' and  the  medium  is  termed  an  '  obhque  '  or  '  streak  gelatine,'  &c. 

c  2 
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Method  of  inoculating  a  stab  gelatine,  &c.-  If  the  growth  from 
which  the  inoculation  is  to  be  made  is  on  a  soHd  medium,  both  it  and 
the  stab  gelatine  to  be  inoculated  are  lield  between  the  thumb  and 
index  finger  of  the  left  hand  horizontally,  with  the  surface  of  the 
tube  containing  the  growth  to  be  inoculated,  rotated  so  as  to  be 
clearly  visible.  With  the  usual  precautions  as  to  burning  the  plugs 
twice,  removing  them,  placing  them  between  the  fingers  and  steri- 
lising the  stab-platinum  needle,  a  small  portion  of  the  culture  is 
removed,  and  the  needle  then  carefully  passed  along  the  centre  or 
core  of  the  cylinder  of  gelatine,  nearly  if  not  quite  to  the  bottom  of 
the  tube.  It  is  steadily  withdrawn,  care  being  taken,  especially  as 
the  point  emerges  from  the  gelatine,  not  to  split  the  medium  '  by  any 
jerky  movement  of  the  needle.  Plug  and  label  the  tube  as  usual, 
not  forgetting  to  sterilise  the  needle. 

Method  of  inoculating  a  streak  or  oblique  gelatine,  &c. — The 
usual  precautions  being  taken  as  to  burning  the  plugs  twice  and 
sterilising  the  needle,  a  small  portion  of  the  growth  is  removed  on 
the  platinum  loop,  which  is  inserted  gently,  and  as  far  down  as  pos- 
sible, parallel  with,  and  close  to,  the  surface  of  the  gelatine  ;  as  it  is 
withdrawn,  the  growth  on  the  loop  is  spread  over  the  surface  of  the 
gelatine  in  a  straight  line. 

Care  is  to  be  taken  to  have  a  perfectly  flat  loop  to  start  with,  and 
to  avoid  digging  into  the  medium  itself  by  tilting  one  or  other  edge 
of  the  loop  out  of  a  plane  parallel  with  that  of  the  surface  to  be 
inoculated.    Plug  and  label  the  tube,  &c.,  as  usual. 

Other  Methods  op  Cultivation  ^ 

SJuike  cultivation — Esmarcli  tube-culture  or  '  roll-tube  ' — ■ 
Plates  and  petri-dish  iweparations 

'  Shake  '  cultivation. — This  is  the  method  used  for  demonstrating 
the  formation  of  gas,  and  is  especially  useful  in  distinguishing 
between  the  common  organism  of  the  intestine  {Bacillus  coli  com- 
munis) and  the  bacillus  of  typhoid  fever  {Bacillus  typhosus) — the 
Bacilhcs  coli  produces  gas,  the  typhoid  organism  being  characterised 
by  its  inability  to  do  so.    (See  pp.  173,  233). 

Method  of  making  a  '  shake '  cultivation.— Melt  a  tube  of  nutrient 

'  Should  the  medium  split  on  entering  the  needle,  it  is  a  sign  that  the  gelatine 
has  been  too  long  in  the  tube.  It  should  be  remelted  and  allowed  to  solidify 
again,  when  thi.s  phenomenon  will  no  longer  be  noticed,  unless  the  medium  has 
become  very  dry  from  old  age. 

"  Special  methods  for  cultivating  anaerobes  are  dealt  with  in  Lesson  XX.,  p.  222. 
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gelatine  in  a  water  bath  (see  fig.  18,  p.  24),  and  when  the  temperature, 
as  indicated  by  the  thermometer,  is  at,  or  just  below,  37°  C,  inoculate 
it  (as  if  it  were  a  tube  of  broth)  with  a  loopful  of  growth  from  a 
tube  containing  B.  coli  communis. 

Holding  the  tube  vertically  between  the  palms  of  the  two  hands, 
rotate  steadily ;  avoid  making  bubbles  by  any  vigorous  shaking  up. 
Eapidly  solidify  by  placing  under  a  stream  of  water  from  the  tap,  or  in 
a  narrow  jar  of  cold  Avater.  After  capping  the  tube,  incubate  at  20°  C. 

Agar-agar,  and  (better  still)  sugar-agar,  may  also  be  used  in 
making  shake  cultures  of  B.  coli,  or,  in  the  case  of  the  anaerobes, 
the  bacillus  of  mahgnant  oedema,  and  of  quarter-evil,  &c.  The 
temperature,  after  thoroughly  hquefying  the  agar  (preferably  in 
the  autoclave  at  120°  C),  must  be  cooled  down  to  about  42°  C.  in  a 
large  water  bath  full  of  water.  The  inoculation  with  the  growth,  and 
subsequent  rotation  of  the  tube  whilst  in  the  vertical  position,  must 
be  more  rapidly  done  than  when  gelatine  is  used,  owing  to  the  rate 
at  which  agar-agar  solidifies  below  about  40°  C.  When  capped,  the 
tube  is  kept  at  37°  C. 

Esmarch's  roll-tube. — This  was  formerly  much  used  for  separating 
mixed  cultures  or  counting  the  colonies  in  a  sample  of  water.  Its 
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Fig.  13. — esmaech  tube-cultdbe  or  '  eoll-ttjbe  ' 

a,  india-rubber  cap  ;  h,  b,  b,  longitucliu.il  line  drawn  on  gl«ss  ;  c,  c,  c,  transverse  lines  on  glass 
to  facilitate  the  counting  of  the  colonies.  [PranKland.] 

use  has  been  largely  given  up  in  favour  of  the  far  more  convenient 
petri-dish  preparation. 

To  make  an  Esmarch's  roll-tube. — Gelatine  is  the  easier  to  mani- 
pulate, though,  with  the  precautions  already  mentioned,  agar  may 
be  equally  well  employed  for  making  roll-tubes. 

It  is  essential  that  only  a  small  quantity  of  gelatine  should  be 
used — about  enough  to  occupy  the  bottom  half-inch  of  the  5  x  f  inch 
tube  (about  1^  c.c).  The  gelatine  is  either  first  inoculated  by  stabbing 
the  solid  medium,  and  then  melted  at  or  below  37°  C,  or  melted  and 
then  inoculated  at,  or  below,  the  body  temperature. 

The  tube  is  capped,  but  before  attempting  to  solidify  the  gelatine, 
and  in  order  to  form  a  thin  uniform  layer  throughout  the  interior 
of  the  tube,  the  liquefied  medium  is  allowed  to  run  over  and  moisten 
completely  the  inner  surface,  until  every  little  islet  of  glass  has  been 
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exposed  to  the  gelatine.  If  this  is  not  carefully  done,  on  placing  the 
tube  in  cold  water  and  rolling,  there  may  be  areas  left  on  the  inner 
surface  of  the  tube  uncoated  with  gelatine. 

SoUdification  is  accomplished  by  holding  the  capped  tube  nearly 
horizontally  (not  quite,  to  avoid  contact  of  the  gelatine  with  the  wool 
plug)  in  a  large  basin  of  water.    Ordinary  tap  water  may  be  used,  and 

this  insures  a  more  uni- 
form distribution  of  the 
medium,  perhaps,  than 
if  ice  is  added;  though 
the  addition  of  ice  ren- 
ders the  operation  more 
rapid  and  less  tedious. 
The  objection  to  using 
a  block  of  ice  for  this 
purpose,  as  recom- 
mended by  some,  is  that 
there  is  a  great  tendency 
for  the  gelatine  to  so- 
lidify at  the  first  place 
where  the  tube  comes  in 
contact  with  the  ice ;  so 
that  a  uniform  lining 
with  gelatine — i.e.  an 
even  distribution  of  the 
colonies — becomes  diffi- 
cult, if  not  impossible. 

When  solidification 
is  complete,  the  tube  is 
kept  at  20°  C.,-if  gelatine 
is  used ;  or  at  37°  C.  in 
the  case  of  agar-agar. 

It  may  be  mentioned 
here,  that  an  incubator, 
or  '  gelatine  cupboard  ' 
(fig.  14),  for  low  temperature  (20°  to  22°  C),  has  recently  been 
introduced  by  Mr.  Doudney,  of  the  Eoyal  College  of  Surgeons  and 
Physicians'  Laboratory,  London,  which  is  simple  and  most  efficient 
in  maintaining  a  uniformly  low  temperature.  All  other  media  but 
nutrient  gelatine  are  to  be  kept  at  37°  C,  and  Hearson's  incubator 
(fig.  15)  is  strongly  recommended. 

Petri-dish  preparations;  plate  preparations. — Formerly,  sterile 


Fig.  14. — doudney's  incubator  fob  low  tempeba- 
TUEES  (20°  to  22°  C.) 

There  is  a  tauk  of  water  (not  sliowii)  below  the  lowest  shelf, 
warmed  by  a  flame  beneath  the  cupboard ;  and  resting  on 
the  tank  is  a  coil  of  tubing  tlirongli  which  cold  water  circu- 
lates. By  means  of  a  regulator,  a  uniform  temperatui'e  is 
maintained. 
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Obion,  glass  plates  were  covered  with  previously  inoculated  medium 
ti^e'or  agar-agar,  and  kept  in  a  sterile  glass  d.sh  ^or^f  j^^^ 
bell-iar  at  the  appropriate  temperature.  The  use  of  these  plates 
hasiwbeenaWcompletelygivenupinpracticalwork^ 
ffig  17)  being  far  more  convenient  than  the  former.  But  though  n^o 
onger  much  in  use,  the  name  survives,  and  'plates/or  'plate 
preparations/  is  the  usual  laboratory  term  for  the  petri-dish.prepara- 


Fifi.  15. — hbabson's  incubatob  toe  warm  tempeeatubes  (37°  C.) 

tions — and  we  shall  adopt  this  well-known  meaning  throughout  this 
book. 

Method  of  making  plate  (i.e.  petri-dish)  preparations. — Gelatine 
or  agar-agar,  or  their  modifications — potato  gelatine  &c. — may  be 
employed.  Sterilised  petri-dishes  packed  in  sterile  paper  are  kept 
ready  for  use. 

Gelatine  plates. — A  water  bath  with  copper  test-tube  rack  and 
thermometer  are  made  ready  (fig.  18).  Three  tubes  of  nutrient 
gelatine  are  melted  down,  and  when  the  temperature  has  been 
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lowered,  if  necessary,  by  the  addition  of  cold  water,  to  below  37°  C 
one  of  the  tubes  is  inoculated  with  a  loopful  of  culture,  &c 

The  plug  being  inserted,  and  the  needle  sterilised  in  the  usual 


Fig.  16. — heabson's  patent  kegulator  eor  m.untaining  a  dnifohm 
tempeeatdbe  in  the  incubator  shown  on  p.  23 

way,  the  tube  is  rotated  between  the  palms  of  the  hands,  keeping  the 
former  in  a  vertical  position  the  whole  time,  and  avoiding  the  pro- 
duction of  bubbles. 

The  tube  is  marked  '  Original,'  with  a  glass  pencil,^  and  replaced 
in  the  warm  bath  for  about  half  a  minute,  to 
insure  it  being  thoroughly  liquefied. 

It,  together  with  another  liquefied  gelatine 
tube,  is  taken  out  of  the  bath  and  one  loopful  of 
the  contents  of  the  '  Original '  tube  transferred 
to  the  second  tube,  which  is  marked '  No.  1,' 
rotated,  and  returned  with  the  Original  to  the 
bath. 

The  third  tube  is  then  inoculated,  using 
now  three  loopfuls  of  the  contents  of  tube 
No.  1,  which  is  greatly  diluted  compared  with 


Fig.  18. — copper  test- 
tube  RACK,  WITH  THER- 
MOMETER .\ND  TEST- 
TUBES,  FOR  USE  WITH 
A  WATER  BATH 


Fig.  17. — petri  cdlture-dish 


the  Original.  This  third  tube  is  marked  '  No.  2,'  and  rotated  &c.  as 
in  the  case  of  the  other  two  tubes. 

The  petri-dishes  are  now  removed  from  their  paper  covers. 

The  Original  tube  is  taken  from  the  bath,  the  plug  burnt  twice,  as 
in  the  case  of  inoculating  a  tube  (p.  15),  and  the  neck  allowed  to  cool. 

'  A  '  glass  pencil '  is  a  coloured  pencil  in  which  the  pigment  is  mixed  with  a  soft 
wax,  SO  as  to  adapt  it  for  writing  on  glass.  It  is  a  great  convenience,  and  may  be 
obtained  from  Messrs.  Baird  &  Tatlock,  14  Cross  Street,  Hatton  Garden,  E.G. 
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Holding  the  tube  in  the  right  hand,  the  plug  is  seized  between  the 
little  finger  and  hypothenar  eminence  of  the  left  hand  and  twisted 
right  out.  Immediately  after,  the  top  of  the  petri-dish  is  grasped 
be^tween  the  left  thumb  and  index  and  middle  fingers  and  rapidly  lifted 
up,  so  as  just  to  permit  the  neck  of  the  tube  to  be  inserted  between  the 
cover  and  the  petri-dish  proper.  The  gelatine  is  poured  out  quickly, 
the  cover  replaced,  and  the  medium  allowed  to  spread  evenly  over 
the  surface  of  the  dish.  With  a  glass  pencil,  the  cover  of  the  dish  is 
marked  with  the  name  of  the  cultivation,  the  number  of  the  tube 
from  which  it  was  plated,  the  date,  and  the  initials  of  the  worker— e.g. 
'  B.  typhosus,  Original  (or  1st  dilution,  &c.),  July  20,  1900,  A.  B.  C 
Then  No.  1  tube, known  as  the 'first  dilution'  tube, is  plated  similarly; 
and  so  for  No.  2,  the  '  second  dilution.' 

All  three  petri-dishes,  or  '  plates '  as  they  are  commonly  called, 
are  kept  on  a  level  surface  in  a  cool  place,  e.g.  a  cold  stone  slab, 
until  they  have  thoroughly  solidified,  and  then  they  are  packed  up  in 
the  sterile  paper  from  which  they  were  removed  at  the  commence- 
ment, and  placed  in  the  gelatine  cupboard  at  20°  C.  Since  dew  may 
collect  in  considerable  quantity  during  the  first  twenty-four  hours, 
and  in  this  case  may  run  down  from  the  cover  to  the  surface  of  the 
gelatine,  spoihng  the  appearances  of  the  colonies,  it  is  often  advisable, 
during  the  first  twenty-four  hours'  incubation  at  any  rate,  to  keep  the 
dishes  with  the  cover  side  clown.  Subsequently,  especially  in  the  case 
of  an  organism  liquefying  gelatine,  the  dish  may  be  kept  with  its  top 
uppermost. 

Agar-agar  plates  are  made  on  the  same  general  plan  as  in  the 
case  of  gelatine,  but  allowance  must  be  made  for  the  fact  that  agar 
does  not  thoroughly  melt  much  under  100°  C.  The  following  precau- 
tions should  therefore  be  taken,  otherwise  plating  with  this  medium 
will  be  difficult,  if  not  impossible,  the  agar  sohdifying  at  about 
38°  C,  so  that  it  can  no  longer  be  poured  out  from  the  tube. 

Precautions  to  be  adopted.— Fill  the  water  bath  full  of  water  and 
keep  it  at  42°  C.  Use  tubes  containing  plenty  of  agar-agar — half  full, 
in  the  case  of  a  tube  5  inches  long  by  f  inch  in  diameter,  for  a  petri- 
dish  3  inches  in  diameter. 

Thoroughly  melt  three  such  tubes  down  over  the  flame,  or  prefer- 
ably in  the  autoclave  at  120°  C.  When  about  to  use  them,  transfer  to 
the  large  water  bath,  already  prepared. 

When  the  temperature  is  about  42°  C,  rapidly  inoculate  and  rotate 
the  first  or  '  Original '  tube  from  the  given  material  (cultm^e,  &c.). 

Transfer  one  loopful  from  the  '  Original '  tube  to  'No.  1,'  and 
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three  loopfuls  from  '  No.  1  '  to  'No.  2  '  tube,  just  as  in  the  case  of 
gelatine  plates. 

Solidification  occurs  rapidly.  The  cultures  are  then  incubated 
at  37°  C. 

It  should  be  mentioned  that  another  way  of  inoculating  an  agar 

plate  is  to  pour  the  thoroughly  hquefied  agar-agar  into  the  petri-dish 
with  the  usual  precautions.  When  the  agar  is  quite  soHd,  the  cover 
IS  lifted  just  high  enough  to  allow  a  platinum  loop  inoculated  with  the 
given  material  to  be  inserted.  A  series  of  parallel  streaks  are  then 
made,  beginning  at  the  side  of  the  dish  farthest  away,  and  ending  up 
at  the  near  side.  The  last  streak  made  will  contain  only  a  few^'dis- 
crete  colonies. 

A  previously  sterihsed  camel's-hair  brush  may  sometimes  be  con- 
veniently substituted  for  the  platinum  loop,  the  surface  of  the  medium 
being  gently  brushed  in  parallel  streaks  (see  p.  182). 


LESSON  V 

METHODS  OF  EXAMINING  THE  CULTUEES  AND  ENUMEEATING  THE 
COLONIES — THE  EXAMINATION  OF  COVEKSLIP  PKEPARATIONS — THE 
HANGING  DROP — IMPRESSION  PREPARATIONS — HOW  TO  STERILISE 
A  CULTURE 

The  examination  of  cultures.— This  has  first  to  be  done  with  the 
unaided  eye,  noting  the  appearance  presented  by  the  colonies— colour, 
outline,  moisture  or  otherwise  of  the  surface,  &c. 

A  hand  lens  is  useful  in  making  out  the  exact  condition  of  the 
edge  or  periphery  of  a  colony. 

The  low  power  (§-inch  objective)  may  often  be  advantageously 
used  even  for  examining  an  oblique  tube  cultivation,  in  its  upper  part 
especially,  where  the  medium  is  thinnest. 

Esmarch's  roll-tubes  are  examined  in  the  same  way ;  but  a  special 
apparatus,  consisting  of  a  lens  in  a  holder  which  can  be  fitted  on  to  the 
tube,  was  originally  employed  by  Esmarch  for  counting  and  examining 
the  colonies. 

This  is  not  indispensable,  however,  and  a  simple  way  to  count  the 
colonies  resulting  from  inoculating  a  known  quantity  of,  say,  water  is 
to  divide  the  tube  longitudinally  into  fom-  equal  areas  by  means  of  a 
glass  pencil.  Then  lines  are  drawn  at  right  angles  to  the  longitu- 
dinal ones,  i.e.  horizontally,  dividing  the  whole  surface  of  the  glass 
tube  into  a  number  of  quadrilateral  areas  as  nearly  equal  in  size  as 
possible  (fig.  13). 
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The  number  of  colonies  in  ten  such  areas  is  noted,  and  the  average 
for  an  area  obtained.  The  superficial  extent  of  the  glass  tube  is 
readily  estimated,  and  so  the  number  of  colonies  which  have 
developed  from  the  known  quantity  of  liquid  can  be  enumerated 

Plates.-The  colonies  are  examined  through  the  bottom  ot  the 
inverted  petri-dish,  the  medium  being  generaUy  translucent  enough 
for  this  purpose.  If  hquefying  organisms  are  present,  careful  mani- 
pulation is  needed-rapidly  turning  the  dish  bottom  upwards-to 
avoid  spreading  about  gelatine  already  liquefied,  and  loss  of  the 
characteristic  appearance. 

The  dish,  with  its  cover  side  down,  is  then  to  be  placed  on  the 
stage  of  a  microscope  and  examined  with  the  f-inch  objective,  and 
characteristic  colonies  drawn,  for  practice. 

To  enumerate  the  colonies  on  a  '  plate '  (petri-dish)  cultivation 
Wolffhiigel's  apparatus  has,  hitherto,  been  generally  used.  This  con- 


FiG.  19. — wolffhcgel's  apparatus  fok  counting  colonies  in  a 

PLATE  cultivation 

sists  of  a  wooden  stand  on  which  rests  a  piece  of  black  glass.  A 
square  piece  of  glass,  ruled  into  squares — each  side  of  which  is  1  centi- 
metre in  length — rests  upon  supports  immediately  over  the  black  glass 
plate.  Some  of  the  squares  are  still  further  divided  up  into  smaller 
squares,  each  side  of  these  being  i\j  centimetre  in  length. 

Method  of  using. — Eemove  the  ruled  piece  of  glass  ;  place  the 
petri-dish,  cover  side  down,  on  the  sheet  of  black  glass  ;  replace  the 
ruled  piece  of  glass  so  as  to  cover  the  dish. 

The  colonies  show  up  well  against  the  black  background.  If  not 
too  numerous,  the  colonies  in  the  larger  squares  are  alone  counted. 
Ten  squares  are  thus  counted,  and  an  average  struck.  The  area  of 
the  dish  can  easily  be  estimated  by  means  of  the  graduated  glass, 
and  so  the  number  of  colonies  which  have  developed  as  the  result 
of  inoculating  a  known  quantity  of  material  can  be  enumerated. 
If  the  colonies  are  more  numerous,  the  smaller  squares  are  made 
use  of,  and  a  hand  lens  employed  to  count  the  minute  growths 


28 


ESSENTIALS  OF  PKACTICAL  BACTEEfOLOG 


Y 


visible.  When  the  colonies  are  too  thickly  scattered  for  ready 
enumeration,  it  will  be  necessary  to  use  less  of  the  original  material 
to  be  investigated,  as  will  be  explained  later. 

Pakes's  enumerating  disc.'-This  simply  consists  of  a  circular  piece 

of  blackened  cardboard,  or 
paper  (fig.  20),  divided  into 
sixteen  equal  sectors.  Each 
of  the  sectors,  numbered  1 
to  16,  is  ,'cth  of  the  whole 
disc ;  the  colonies  over- 
lying complete  sectors 
should  therefore  be 
counted,  and  the  number 
thus  obtained  divided  by 
the  number  of  sectors 
counted,  and  multiplied 
by  16.  The  two  smaller 
circles  and  the  sub- 
divisions in  sectors'  1  and 
2  are  merely  for  ease  in 


Fig.  20.  — i>.\kes's  exumerating  disc 


counting.  This  method  is 
rapidly  replacing  the  use  of  Wolffhugel's  apparatus  by  reason  of  its 
greater  accuracy,  ease,  and  very  low  price. 

To  make  a  pure  culture  from  a  mixed  plate.— The  cover  of  the 
petri-dish  is  removed,  and  the  colonies  examined  by  means  of  the 
f-inch  objective,  the  free  end  of  which  is  now  inside  the  dish  but 
does  not  touch  the  medium.  The  colony,  which  is  to  be  removed  so 
as  to  make  a  pure  culture,  being  focussed,  the  point  of  a  sterilised 
platinum  stab  needle  is  first  placed  close  to  the  growth,  so  that 
it  is  now  visible  in  the  field  of  the  microscope  on  examination. 
With  the  greatest  care,  while  still  observing  with  the  microscope, 
an  attempt  is  made  to  dip  the  point  of  the  needle  right  into  the 
colony ;  if  successful,  the  needle  is  quickly  transferred  to  a  tube  of 
culture  medium,  and  a  pure  culture  thus  obtained.  This  method 
requires  some  practice,  but  is  the  one  generally  in  use,  e.g.,  for  the 
separation  of  the  Vibrio  cholercB  asiaticcB  from  contaminated  water. 

Another  way  is  to  focus  the  suspected  colony,  and  when  it  is  ' 
in  the  centre  of  the  field  of  the  microscope,  the  §-inch  objective 
is  removed  and  replaced  by  a  similar  brass  extremity,  into  which  a 
fine  '  harpoon '  of  metal  is  adjusted  so  that  its  point  corresponds 


'  May  be  obtained  from  Messrs.  Baird  &  Tatlock,  14  Cross  Street,  Hatton 
Garden. 
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accm^ately  to  the  centre  of  the  objective  mentioned  By  means  of 
the  coarse  adjustment,  the  harpoon  point  is  made  to  dip  mto  the 
colony,  and  a  subculture  made  by  streaking  it  over  the  appropriate 

Examination  of  coverslip  preparations.'-T/.e  use  of  the  rV^nch 
oil-imnersion  lens.-lt  is  presumed  that  the  student  is  famihar 
^vith  the  use  of  the  lower  powers  (§-inch,  finch)  of  the  micro- 
scope. When  examining  a  coverslip  preparation  for  micro-organisms, 
first  lower  the  Abb6  condenser,  by  means  of  the  screw  attached, 
to  a  distance  of  about  a  third  of  an  inch  beneath  the  stage,  and,  using 
the  f-inch  objective,  see  if  the  film  is  sufficiently  stained  and 
sharply  defined.  When  a  favourable-looking  region  is  found, 
the  low  power  is  rotated  away  by  means  of  the  nosepiece,  so  that 
the  T-lr-inch  oil  immersion  takes  its  place  ;  the  condenser  should  then 
be  screwed  up  as  high  as  possible.  A  small  quantity  of  cedar 
oil  is  dropped,  by  means  of  a  pointed  glass  or  metal  rod,  on  to 
the  coverslip  just  where  this  will  be  touched  by  the  immersion 
lens.  The  coarse  adjustment  is  then  used  to  lower  the  objective 
until  it  meets  the  surface  of  the  oil,  which  at  once  runs  up  over 
the  lens,  owing  to  capillary  attraction.  This  rapid  movement  of 
the  oil  serves,  in  fact,  to  indicate  the  moment  of  contact  between 
the  lens  and  the  surface  of  the  oil.  Henceforth  only  the  fine 
adjustment  is  to  be  used  in  focussing  the  preparation? 

The  advantage  of  the  oil-immersion  lens. — Owing  to  the  difference 
between  the  indices  of  refraction  of  glass  and  air,  some  of  the  rays 
of  hght  reflected  up  through  the  condenser  and  coverslip  prepara- 
tion tend  to  spread  outwards,  i.e.  away  from  the  object  glass,  the 
more  central  rays  alone  passing  through  the  lens  on  their  way 
to  the  eye  of  the  observer.  There  is  thus  a  loss  of  illumina- 
tion, which  is  greater  as  the  magnifying  power  of  the  objective 
is  increased,  so  that  it  is  more  noticeable  with  a  finch  than 
with  a  f-inch,  and  still  more  with  a  yV-inch  lens.  One  obvious 
reason  is  that  the  small  size  of  the  lowest  lens  composing  the  com- 
posite iV-inch  objective,  compared  with  that  of  lower  magnifying 
powers,  prevents  all  but  the  more  centrally  directed  rays  passing 
through  it. 

The  index  of  refraction  of  cedar-wood  oil  so  nearly  approaches 
that  of  glass,  that  loss  of  illumination,  arising  in  the  way  mentioned, 
is.  greatly  minimised  by  its  use.'-^ 


'  For  a  short  account  of  the  microscope,  see  Appendi.x  A,  p.  271. 
The  density  of  the  cedar-wood  oil  is  increased  by  allowing  it  to  evaporate 
until  its  index  of  refraction  has  approached  that  of  glass  as  nearly  as  possible. 
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As  a  substitute  for  cedar-wood  oil,  in  an  emergency,  glycerine  and 
water  equal  parts,  may  be  employed,  or  even  water  alone,  tbough  tbe 
loss  of  illummation  is  in  this  case  considerable. 

The  hanging  drop  is  a  preparation  in  which  a  drop  of  a  fluid 
culture  1  IS  placed  on  the  under  surface  of  a  clean  coverslip  and 
allowed  to  hang  down  into  the  hollow  of  a  hollow-ground  shde.'  By 
its  means  the  motility  of  organisms  can  be  weU  demonstrated.  By  a  ' 
slight  modification— transferring  a  drop  of  hquid  nutrient  gelatine  or 
agar-agar  to  the  under  surface  of  a  coverslip,  inoculating  it  with  a 
given  organism,  and  fixing  it  over  the  hollow  of  the  shde— the  pro- 
gress of  the  growth,  together  with  the  formation  of  spores,  and  the 
development  of  the  spores  again  into  bacilli,  can  be  watched  at 
regular  intervals. 

Method  of  making  a  hanging  drop.— The  circumference,  to  a  dis- 
tance of  about  inch,  of  the  hollow  in  a  clean  hollow-ground  shde 
is  ringed  with  vaseline,  which  is  applied  by  means  of  a  camel's-hair 
brush. 

The  cleaned  covershp  is  fixed  in  cornet  spring  forceps.  With 
sterile  platinum  loop  some  broth  '  culture  is  transferred  to  the  centre 
of  the  under  surface  of  the  coverslip,  and  the  latter  quickly  placed 
over  the  hollow  of  the  hollow-ground  slide,  taking  care  that  none  of 
the  broth  touches  the  vasehne  at  the  edges,  which  serves  to  fix  the 
coverslip  fairly  well,  and  prevents  evaporation. 

Method  of  examining  a  hanging  drop.— The  hanging-drop  prepara- 
tion differs  in  several  respects  from  an  ordinary  coverslip  prepara- 
tion, and  special  care  has  to  be  taken  in  its  examination  to  avoid 
breaking  the  coverslip  and  so  getting  the  broth  culture,  which  may 
be  virulent,  over  the  immersion  lens,  &c.  The  following  points  are 
to  be  noted : 

1.  In  a  hanging  drop  the  coverslip  is  only  supported  at  its  cir- 
cumference, and  the  larger  more  central  portion,  being  unsupported, 
yields,  when  the  oil-immersion  lens  is  screwed  down  on  to  it,  up  to  a 
certain  point,  and  then  suddenly  snaps. 

Some  kinds  of  cedar- wood  oil  sold  by  continental  makers  are,  however,  ap- 
parently thickened  by  the  addition  of  Canada  balsam,  which  becomes  deposited 
on  the  covershp,  the  objective,  &c.,  greatly  to  the  detriment  of  the  lens.  Good 
'  watchmaker's  oil '  is  perhaps  the  best  fluid  to  use. 

After  the  slide  has  been  examined  the  oil  may  be  at  once  wiped  oli  with  a  rag, 
care  being  taken  to  avoid  shifting  the  position  of  the  coverslip  before  the  Canada 
balsam  has  hardened.  If  the  preparation  is  left  several  days,  the  dried  oil  on  the 
coverslip  can  be  easily  removed  with  a  rag  moistened  in  xylol  or  turpentine. 

'  A  solid  culture,  e.g.,  on  gelatine  or  agar,  may  be  used,  in  which  case  a  drop  of 
sterilised  distilled  water  is  first  placed  in  the  centre  of  the  coverslip,  and  a  little  of 
the  culture  is  rubbed  up  with  the  water  to  make  an  emulsion. 
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2  A  hanging  drop,  being  hemispherical  in  shape,  is  of  different 
depths  at  different  distances,  near  or  far,  from  the  periphery  at  which 

it  is  examined.  .  n  n        j-.-  ^ 

3.  Animate  and  inanimate  rpatter  in  finely  divided  condition,  ior 
different  reasons,  both  tend  to  escape  to  the  periphery  of  a  hanging 
drop,  which  therefore  is  always  the  best  place  to  examine  first. 

To  find  the  edge  of  the  hanging  drop.— The  danger  of  over- 
focussing,  and  so  suddenly  breaking  the  coverslip,  is  so  great  that  the 
following  method  may  be  adopted  in  every  case  with  advantage. 

With  the  f-inch  objective  examine  the  edge  of  the  drop,  using  the 
iris  diaphragm  to  cut  off  a  httle  of  the  light  and  bring  the  edge  into 
better  rehef .  It  will  be  seen  that  immediately  surrounding  the  sharp 
margin  of  the  drop  is  an  area  of  minute  globules  of  watery  vapour— 
which  for  brevity  may  be  called  '  dew  ' — and  which  almost  invariably 
forms  on  the  under  surface  of  the  coverslip  soon  after  it  is  fixed  in 
position.  This  dew  is  very  much  easier  to  focus  than  the  edge  of  the 
drop  itself  with  the  oil-immersion  lens.  The  direction  of  the  dew, 
to  the  right  or  left  of  that  portion  of  the  edge  of  the  drop  under 
examination,  is  noted,  and  the  |-inch  objective  replaced  by  the  iV-i^ch 
immersion  lens.  The  oil  being  dropped  on  as  usual,  the  dew  is 
carefully  focussed,  and,  loithout  altering  the  focus,  the  slide  is  gently 
pushed  in  the  direction,  to  the  right  or  left,  in  which  the  edge  of  the 
drop  is  known  to  lie.  If  this  rule  is  observed,  there  is  not  the  slightest 
difficulty  in  examining  a  hanging  drop,  and  coverslips  need  never  be 
broken.'  The  hanging  drop  is  examined  first  at  its  edge  and  then  in 
its  more  central  portion,  the  shape,  length,  motility,  and  grouping  of 
the  organisms  (if  any)  noted,  the  focus  of  course  being  altered  for 
the  varying  depths  of  the  drop. 

A  hanging  drop  may  be  kept  for  from  thirty-six  to  forty-eight 
hours,  or  even  longer,  for  examination  purposes,  if  a  sufficiently  large 
quantity  of  fluid,  and  plenty  of  vaseline  for  sealing  the  edge  of 
the  coverslip,  be  used. 

To  clean  a  hanging-drop  preparation,  when  finished  with. — "With 
fine  forceps  push  the  coverslip  towards  the  edge  of  the  slide  ;  now  lift 
it  up  by  one  edge,  and  burn  in  case  of  a  virulent  culture.  Otherwise 
the  covershp  may  be  thrown  away ;  or  it  may  be  cleaned  and  then 
boiled  in  nitric  acid  (p.  13). 

Impression  preparations  (the  so-called  '  Klatschpraparate  '  of  the 
Germans)  are  made  by  placing  a  clean  coverslip  carefully  down  on 
the  surface  of  a  selected  colony  in  a  '  plate  '  (petri-dish)  cultivation, 

'  Instead  of  a  j3^-inch  oil  immersion,  a  J-inch  objective,  with  a  No.  4  eyepiece, 
may  also  be  used. 
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gently  pressing  the  covershp  so  as  to  make  the  growth  adhere  to  it 
without  hreaking  up  the  colony,  and  hfting  it  up  gradually  by  means 
or  a  fine  pair  of  forceps. 

The  colony  and  adherent  gelatine  (or  agar)  on  the  covershp 
are  dried  m  the  air,  or  high  up  above  the  flame,  so  as  not  to  melt  the 
medium,  and  fixed  by  rapidly  passing  the  covershp  three  times 
through  the  flame,  or  by  means  of  absolute  alcohol  kept  on  for  two 
minutes  and  then  poured  off.  The  covershp  is  then  stained  in  the 
usual  way,  preferably  by  carbol-fuchsin  kept  on  for  two  minutes, 
and  washed  thoroughly.  Spores,  when  present,  can  also  be  stained 
for  by  Moller's  method  (see  fig.  75,  p.  187). 

The  special  advantage  of  impression  preparations  is  that  the 
minute  structure  of  the  colonies  can  be  made  out,  which  is  impos- 
sible when  examining  the  plates  with  the  low  power. 

Further,  in  the  case  of  cultures  readily  involuting  or  degenera- 
ting—e.g.  Vibrio  cJiolerce  asm^tc«— plating  and  then  making  impression 
preparations  is  a  good  way,  and  sometimes  the  only  way,  to  obtain 
undegenerate  organisms. 

To  measure  a  microscopic  object  such  as  a  micro-organism,  an  eye- 
piece micrometer  and  a  stage  micrometer  (figs.  21  and  22)  are  required. 
The  eyepiece  micrometer  is  a  circular  disc  of  glass,  fitting  into  a  brass 
rim,  with  a  scale  of  divisions,  each  of  which  actually  measures  ^  mm. ; 
but,  as  we  shall  see  later,  the  length  of  each  such  division  is  estimated 
by  comparison  with  that  of  a  division  of  the  stage  micrometer.  This 
is  merely  a  glass  slide,  in  the  centre  of  which  a  series  of  very 
fine  divisions  have  been  engraved,  the  divisions  being,  respectively, 
equal  to  tenths  and  hundredths  of  a  millimetre. 

The  eyepiece  micrometer  is  inserted  into  the 
eyepiece^  after  the  top  lens  has  been  removed.  On 
replacing  this  lens  the  scale  of  the  micrometer  is 
seen  to  be  magnified,  the  degree  varying  with  the 
number  of  the  ocular  or  eyepiece,  but  always  being 
Fict.  21.   EVE-    j^Tiuch  iggg  enlar";ed,  of  course,  than  is  the  scale  of 

PIECE  JIICEOJIETEE  1  •  T       ■  1      1  1 

the  stage  micrometer  when  viewed  with  both  ocular 
and  object  glass.  The  stage  micrometer  scale  is  focussed,  and  the 
ocular  adjusted,  so  that  the  two  scales  are  exactly  superposed.  An 
estimate  is  then  made  of  the  number  of  divisions  in  the  eyepiece 
micrometer  which  correspond  to  one  of  the  smaller  divisions  of 
the  staaie  micrometer,  which  we  know  measures  -rffo  If  five 


'  The  eyepiece  micrometer  rests  on  a  stop  in  the  ocular,  and  as  slight  adjust- 
ment of  the  stop  is  generally  necessary  in  order  to  focus  the  scale  clearly,  this 
should  be  done  by  the  maker  at  the  time  of  buying  the  micrometer. 
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divisions  of  the  eyepiece  scale  exactly  coincide  with  one  of  these 
divisions  on  the  stage  micrometer,  using  the  same  ocular  and 
objective,  each  of  the  former  is  equivalent  to-  r^lu  °im.  or  f  /i., 
the  letter  '  /x '  indicating  the  standard  of  length  generally  employed 
iu  measm-ing  microscopic  objects,  the  micron,  which  is  the  thou- 
sandth part  of  a  millimetre  in  length  (about  ^gwo*^  of  an  inch). 

A  record  is  then  made  that,  say,  with  No.  2  ocular  and  -j^-inch  oil 
immersion  (with  the  tube  of  the  microscope  drawn  out,  or  not,  as 
the  case  may  be),  one  division  of  the  eyepiece  micrometer  is  equiva- 
lent to  0"5  /X. 

Using  these  same  powers  of  the  microscope,  the  stage  micrometer 
is  then  no  longer  required.    The  slide  containing  the  micro-organisms 
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Fig.  22. — st.^gb  micrometer,  with  scale  divided  into  —  and  mm. 

is  focussed  in  the  usual  way,  and  the  number  of  divisions  in  the  eye- 
piece micrometer  crossed  by  a'^'given  bacillus  will  be  a  measure  of 
its  length,  the  equivalent  of  each  such  division  having  already  been 
estimated. 

To  sterilise  a  culture. — It  is  i  often  desirable  to  sterihse  a  culture, 
or  to  fix  it  permanently,  when  it  has  reached  a  certain  stage  of 
development.  The  simplest  way  to  do  this  is  to  remove  the  cork 
from  a  bottle  of  formalin  (a  40  per  cent,  solution  of  formic  aldehyde), 
and  insert  in  its  place  the  wool  plug  from  the  tube.  The  bottle  should 
then  be  quickly  inverted  and  replaced.  The  tube  is  now  re-plugged 
with  the  wool  (moistened  with  formahn)  and  covered  with  a  rubber 
cap.  Cultures  may  be  kept  for  several  years^tat  least  in  this  way,  if 
evaporation  is  efficiently  prevented  by  a  tight-fitting  cap. 
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(ii)  Agar- agar  streak 

(iii)  Potato 
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PAKT  II 

SYSTEMATIC  STUDY  OF  MIGBO-ORGANISMS 
NON-PATHOGENIC  ORGANISMS 

LESSON  VI 

THE  CHROMOGENIC  BACTEBIA 

A.  Bacillus  prodigiosus 

I.  Make  cultivations  : ' 
(i)  Gelatine  stab.    Incubate  at  20°  G. 

,Make  three  cultivations  on  each  of  these 
media,  and  incubate  one  of  each  at 
37°  C,  one  in  direct  sunlight  at  the 
■{  temperature  of  the  room,  and  the 
third  in  a  dark  chamber  at  the  tem- 
perature of  the  room,  e.g.  any  cup- 
board or  closed  drawer. 
Observe  the  growths  daily,  and  notice  that  the  rich  crimson 
colour  is  best  developed  at  the  lower  temperature,  and  least  at  37°  C. 
Direct  sunlight  is  also  prejudicial  to  the  formation  of  the  colour  ; 
but,  not  acting  continuously,  the  effect  is  not  so  striking  as  in  the 
case  where  the  culture  is  kept  at  37°  C. 

II.  Stain  coverslip  preparations  ^  with,  respectively, 

(i)  Loffler's  methylene  blue,  for  five  minutes.  Wash  ;  dry,  and 

mount  in  Canada  balsam. 

Wash  well  for  ten  to 

(ii)  Carbol-fuchsin,  for  two  minutes.       fifteen    minutes  at 

(iii)  Anilin-water  gentian-violet,  for-.     j^^g^.        j^^.^  g^^^ 

two  minutes.  (  mount. 

Owing  to  the  shminess  of  the  growth  in  question,  it  is  often 
difficult   to   obtain   a  thoroughly  clean  preparation,  the  mucoid 
'  material  between  the  individual  baciUi  retaining  the  stain  some- 
what, so  that  the  outline  of  the  latter  is  not  so  well  defined  as  it 
should  be. 

•  In  each  lesson  the  student  is  advised  to  make  all  the  cultivations  (A,  B,  C, 
&c.)  before  commencing  to  stain  any  of  the  coverslip  preparations. 

For  the  general  method  of  making  and  staining  film  preparations,  see 
pp.  13-18. 
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To  obviate  the  difficulty,  after  drying  and  fixing  the  coverslip 
preparation,  held  in  cornet  forceps,  pour  on  acetic  acid  20  per  cent. ; 
after  ten  minutes,  pour  off,  wash  thoroughly,  dry  between  the  folds  of 
a  pad  of  'German  blotting-paper'  (p.  18),  and  proceed  to  stain  in 
the  ordinary  way. 

This  is  a  useful  method  in  the  case  of  other  shmy  growths— such 
as  that  of  B.  mallai,  B.  coli  communis,  and  for  preparations  made  from 
stab  cultures  (e.g.  glucose  agar)  of  the  anaerobes— to  clear  away  some 
of  the  medium,  which  must  always  be  more  or  less  present  with  the 
organisms  in  such  a  case. 

B.  Bacillus  cyanogenus 

I.  Make  cultivations  : 

(i)  Gelatine  stab.     |  i^^^^^ate  at  18°  to  20°  C." 

(ii)  Gelatine  streak.  ' 

(iii)  Agar  stab.  | 

(iv)  Agar  streak.        r  Incubate  at  37°  C. 
(y)  Potato.  ) 

(vi)  Milk  undergoing  lactic  acid  fermentation ;  keep  at  from 
15°  to  18°  C. 

II.  Stain  coverslips  with,  respectively, 

(i)  Loffler's  blue  1  j.       ,  ■ 

n   u  1  i    u  ■  i-he    times  mentioned 

(11)  Carbol-fuchsin  ^^^^^^ 

(iii)  Anihn-water  gentian-violet  j 

C.  Bacillus  pyocyaneus 

I.  Make  cultivations  : 

(i)  Gelatine  stab.    Incubate.'  ■ 

(ii)  Agar  stab.  Incubate. 

(iii)  Agar  streak. 

(iv)  Potato.    Make  two  cultures  and  keep  at  37°  C.  After 

incubating  at  37°  C.  for  seventy-two  to  ninety-six  hours, 
with  sterile  platinum  needle  exert  gentle  pressure  on 
the  growth  in  one  tube,  using  the  other  for  comparison. 
After  a  few  minutes,  sometimes  almost  instantaneously, 
the  colour  is  seen  to  have  changed  from  brown  to 
green,  the  original  colour  reappearing  in  ten  to  thirty 
minutes  ('  Chameleon  phenomenon  '  of  Ernst). 

II.  Stain  coverslips,  as  usual,  with  Loffler's  blue,  carbol-fuchsin, 
and  anilin  gentian-violet. 

'  Henceforth,  to  avoid  repetition  in  the  directions,  unless  otherwise  mentioned, 
all  gelatine,  or  potato-gelatine,  growths  are  to  be  incubated  at  18°  to  20°  C,  and 
growths  on  all  other  media  are  to  be  kept  at  37°  C. 
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Introductory  Remarks 

Commencing  the  systematic  study  of  bacteriology  from  a  purely 
practical  point  of  view,  micro-organisms  may  be  broadly  divided  into 
those  which  are  pathogenic  and  those  which  are  non-pathogenic  in 
their  effects  when  inoculated  into  animals.  As  a  general  rule,  only 
the  pathogenic  are  considered  of  consequence  by  students  of  chnical 
medicine,  as  distinguished  from  those  engaged  in  pubHc  health,  for 
whom  the  knowledge  of  the  ordinary  organisms  occurring  in  the  air, 
soil,  and  water,  whether  pathogenic  or  otherwise,  is  important.  But, 
as  we  shall  presently  see,  the  non-pathogenic  organisms  (so  called) 
have  an  interest  also  for  the  clinical  investigator,  not  merely  because  a 
lack  of  knowledge  in  this  direction  might  cause  him  to  confuse  the 
one  with  the  other  under  the  microscope,  but  on  account  of  other 
well-estabhshed  relations  between  the  two  classes.  For  instance,  a 
culture  of  typhoid  bacilli  which  has  lost  its  virulence  may  become 
pathogenic  if,  at  the  time  of,  or  some  time  before,  its  inoculation  into 
an  animal,  the  products  of  an  ordinarily  harmless  bacillus,  such  as 
the  Bacillus  'prodigiosus,  are  also  injected.  Yeast  ferments,  also,  have 
been  used  in  the  treatment  of  cancer  (see  p.  59). 

A  more  scientific  classification  separates  those  organisms  which 
live  on  dead  matter  and  are  knov^n  as  '  saprophytes '  from  those 
which  thrive  only  on  living  matter,  and, are  hence  termed  'parasites.' 
There  are  intermediate  forms  which  are  not  strictly  one  or  the  other, 
being  generally,  for  instance,  saprophytic,  but  capable,  under  certain 
circiimstances,  of  taking  on  a  parasitic  existence  ;  and  vica  versa. 
Such  an  organism  as  the  former  is  termed  a  '  facultative  parasite.' 
If  strictly  parasitic,  the  fact  may  be  indicated  by  prefixing  the  adjective 
'  obligate  '  to  it.    So  for  the  aerobes  and  anaerobes  (see  Lesson  XX.). 

Most  of  the  organisms  we  shall  study  are  called  aerobes,  requiring 
to  live  in  an  atmosphere  containing  oxygen.  Certain  of  these,  how- 
ever, can  also  continue  to  grow  in  the  absence,  more  or  less  complete, 
of  oxygen.    Such  aerobes  are  said  to  be  '  facultative  anaerobes.' 

Anaerobes  are  organisms  preferring  to  grow  in  an  atmosphere  de- 
prived of  oxygen.  Those  which  cannot  live  in  an  atmosphere  of  oxygen, 
i.e.  are  strictly  anaerobic,  are  called  '  obligate  anaerobes.'  Those  which, 
generally  speaking,  thrive  best  away  from  the  air,  but  which  can  exist 
in  contact  therewith,  might  be  spoken  of  as  '  facultative  aerobes.' 

At  the  present  time,  '  bacterium  '  is  a  general  term  apphed  to 
those  lower  fungi  (excluding  yeasts  and  moulds)  which  form  the 
majority  of  micro-organisms,  pathogenic  and  non-pathogenic.  Their 
vegetable  nature  is  now  no  longer  questioned  ;  and,  indeed,  from  then- 
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close  relationship  to  the  Algae  they  have  been  called  '  Achlorophyllous 
Thallophytes.'  By  botanists  they  are  included  in  the  group  of  Scliizo- 
mycetes,  or  fission-fungi,  from  their  usual  mode  of  multiplication — 
viz.  by  division  at  right  angles  to  their  general  direction.  Under 
certain  circumstances,  however,  spore  formation  may  occur,  either  as 
well  as,  or  in  place  of,  multiplication  by  fission. 

The  term  '  bacterium  '  was  formerly  used  in  a  sense  practically 
synonymous  with  '  bacillus,'  and  this  application  of  the  word  may  be 
illustrated  by  the  name  of  one  of  the  commonest  organisms  found  in 
the  intestine,  the  Bacillus  coli  communis,  which  is  still  frequently 
called  Bacterium  coli  commime. 

For  the  purposes  of  diagnosis  only,  most  of  these  bacteria  may  be 
placed  in  one  of  the  following  three  groups,  according  to  their  shape  : 

1.  Bacillus. — A  bacillus  is  a  cylindrical  or  rod-shaped  organism, 
of  varying  length,  and  sometimes  elongated  to  form  a  thread  (fig.  93) 
showing  signs  of  segmentation. 
Spore  formation  may  also  be 
visible.  One  or  both  extremities 
of  the  bacillus  may  be  rounded,  or 
flattened,  or  concave  (e.g.  B.  an- 
thracis),  or  pointed. 

Long,  very  thin,  and  straight, 
or  shghtly  curved,  unbranched 
filaments,  in  which  segmentation 
is  indistinct,  occur  in  the  mouth  in 
large  numbers,  especially  where 
tartar  has  collected  or  caries  is 
present.  They  have  long  been 
known  by  the  name  oi  U^Mkrix  ^'l^.-I^r:::^^^'^:'^:^ 

hiLccalis  (fig.  23),    several   species       AGAK-.4GAE     CULTURE     FEOM  THE 

of    which    are    described.      (In  ^ 

association  with  other  organisins,  cocci,  &c.,  they  are  thought  to  be 
a  common  cause  of  dental  caries.) 

Similar,  but  thicker,  threads  are  found  in  marshy  districts, 
{Beggiatoa  alba,  &c.). 

Threads  showing  branchings  are  seen  in  the  case  of  the  Strepto- 
thrix  filaments  of  Actinomycosis  (fig.  108)  and  Machtra-foot ; 
another  example  of  this  condition  occurs  in  the  case  of  Cladothrix 
dichotoma,  abounding  in  water  of  all  kinds,  running  or  stagnant, 
fresh  or  brackish,  especially  when  there  is  a  large  percentage  of 
organic  matter  present,  when  it  may  form  flocculent  white  masses. 

2.  Spirillum.— This  group  is  conveniently  made  to  include  all  well- 
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curved  rods,  the  short  simple  curves  being  known  as  vibrios,  and, 
sometimes,  as  comma-shaped  bacilli  (the  German  comma)— e.g.  the 
Vibrio  cholerce  Asiaticce,  or  Koclis  comma  bacillus  (fig.  103).  When 
the  rod  is  longer  and  spirally  twisted,  the  true  spirillum  is  seen 
(fig.  30).  Still  longer  twisted  threads,  bent  in  various  directions,  are 
known  as  spirocbaete  forms  (fig.  30). 

8.  Coccus,  or  micrococcus. — Cocci  are  spheres  of  varying  size,  but 
usually  very  minute,  occurring  singly  ;  or  in  pairs  (diplococci) ;  or  hke  a 
string  of  beads,  more  or  less  curved  (streptococci) ;  or  in  masses  grouped 
like  a  bunch  of  grapes  (staphylococci) ;  or  in  fours,  resulting  from  divi- 
sion of  the  sphere  in  two  directions,  but  in  one  plane  only  (tetrads) ; 
or  in  cubes  or  packets,  resulting  from  division  of  the  sphere  in  three 
directions,  so  characteristically  seen  in  the  case  of  sarcinae  (see  p.  46). 

As  the  result  of  their  vital  activity,  certain  organisms  known  as 
chromogenic  bacteria  produce  pigment  amongst  other  products  of 
their  metabolism  (see  p.  42).  Many  of  them  are  saprophytes,  and  we 
shall  study  a  few  examples  of  this  class  in  the  systematic  investiga- 
tion of  the  non-pathogenic  and  pathogenic  micro-organisms  which 
we  are  about  to  commence. 

NON-PATHOGENIC  ORGANISMS— CHROMOGENIC  BACTERIA 

Bacillus  prodigiosus. — From  the  remarkably  striking  colours  seen 
in  the  growth  of  this  organism  it  has  been  given  many  names, 
popularly,  '  bleeding  host,'  '  blood  rain,'  '  bloody  sweat,'  '&c. 

Occurrence. — In  the  air  and  on  bread  (when  it  has  been  called 
'bleeding  bread'),  paste,  boiled  rice,  and  other  starch-containing 
bodies.  It  may  appear  in  large  quantities,  and  so  persistently  in  the 
bread  supplies  as  to  produce  quite  an  epidemic,  as  in  the  well-known 
case  of  certain  Parisian  barracks  in  1843.  This  organism  has  been 
found  in  the  water  by  Tils  and  Percy  Frankland.  The  colour  of  the 
growth  varies  from  a  bright  red,  often  with  a  metalhc  lustre,  especially 
in  old  cultures,  to  a  rich  carmine  or  port'- wine  tint.  A  low  temperature 
is  the  most  favourable  for  its  production,  as  when  kept  at  37°  C.  the 
ctiltures  lose  the  power  of  pigment  formation  to  a  large  extent. 
Eeturning  such  cultures  to  the  lower  temperature,  especially  if  they 
are  transferred  to  potato,  restores  the  colour.  If  kept  for  a  series  of 
generations  on  agar  at  the  body  temperature,  the  power  of  forming 
pigment  may,  however,  be  almost  completely  lost. 

Cultivations.— CreZai'wre  stab.— A  crimson  growth  rapidly  appears 
along  the  track  of  the  needle,  and  liquefaction,  commencing  from  the 
surface,  quickly  spreads  from  top  to  bottom,  owing  to  the  peptonisation 
of  the  medium  as  the  result  of  the  vital  activity  of  the  organism. 
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The  liquefied  gelatine  is  viscid  and  of  a  beautiful  crimson  colour 
throughout,  the  most  superficial  layer  to  a  depth  of  about  inch 
being^of  a  deeper  and  richer  hue  than  the  rest  of  the  medmm  below. 

Gelatiftie  ^Za^cs.— Translucent  grey  colonies  rapidly  appear,  and 
early  liquefaction  occurs  with  the  formation  of  the  characteristic 
colour  in  the  inner,  more  central  part  of  the  colony.  The  surface 
colonies,  which  are  irregular  in  outhne  compared  with  the  deeper 
and  more  circumscribed  ones,  soon  fuse  into  one  another  from  the 
rapidly  progressing  liquefaction. 

Agar-agar  streak.— k  smooth  moist  growth  rapidly  appears,  the 
tint  varying  from  brick-red  to  crimson,  if  kept  at  the  room  tempera- 
ture. When  incubated  at  37°  C. 
the  colour  is  white,  with  a  faint 
pink  tinge,  the  higher  temperature 
being  unfavourable  to  the  forma- 
tion of  the  red  pigment. 

Potato. — A  rich  crimson- 
coloured  growth  rapidly  forms  at 
the  temperature  of  the  room  or  a 
little  higher ;  often  it  is  brick-red, 
and  has  the  peculiar  metaUic  lustre 
generally  seen  when  anilin  dyes 
a,re  viewed  obliquely.  At  the  body 
temperature,  or  if  kept  in  strong 
sunlight,  the  culture  grows  well,  but 
does  not  acquire  its  characteristic 
colour,  remaining  white  or  pinkish-white,  the  crimson  tint  appearing 
when  the  tube  is  kept  in  the  dark  at  the  room  temperature. 

Milk,  especially  when  kept  at  the  body  temperature  or  a  little 
higher,  is  curdled,  with  the  formation  of  lactic  acid,  from  the  lactose 
present,  and  the  precipitation  of  the  casein. 

Schottelius  and  Wood  (quoted  by  Sims  Woodhead)  comment  on 
the  probable  relation  between  the  last-mentioned  fact  and  the  loss  of 
pigment-forming  power  at  the  higher  temperatures,  and  consider  that 
the  energy  expended  in  the  production  of  pigment  at  the  lower  tem- 
perature is,  at  the  higher  and  less  favourable  temperature,  utilised 
for  the  production  of  other  products,  of  which  lactic  acid  is  one. 

Under  the  microscope,  the  organism  is  seen  to  be  either  a  very 
short  rod  with  rounded  ends,  sometimes  arranged  to  form  threads, 
or  a  short  oval  bacillus,  often  in  pairs.  In  length  they  are  0'5  to  1 
or  even  1-7  their  width  being  from  0*5  to  1  /x.  They  are  non-motile  ; 
no  spore  formation  is  known.  The  pigment  is  soluble  in  alcohol,  but 
is  insoluble  in  water.   The  question  of  colour  formation,  generally,  by 


Fig.  24. — bacillus  peodigiosus.  x  925 
Prom  a  culture  two  days  old. 
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chromogenic  organisms,  will  be  referred' to  at  the  end  of  the  chapter 
ip.  4^).  B.  prodtgtosus  enters  into  the  manufacture  of  Coley's  fluid 
(p^lll).  For  the  employment  of  this  non -pathogenic  organism  in 
order  to  obtam  virulent  cultures  of  typhoid  baciUi,  &c.,  see  p.  181. 

Bacillus  cyanogenus  is  the  organism  of  blue  milk,  from  which  it 
was  origmally  isolated.  A  somewhat  similar  organism,  having  the 
same  name,  has  also  been  isolated  from  sewage,  but  does  not  produce 
blue  milk. 

Cultivations.— GeZa^wze  streak.— A  dirty  greyish-white  moist 
growth  appears,  which  does  not  liquefy  the  gelatine.  Extending  from 
the  sides  of  the  growth,  and  also  backwards  into  the  medium,  a 
greyish-brown  coloration  is  visible.  The  tint  varies,  being  sometimes 
of  almost  a  steel-blue  colour,  dark  brown,  or  even  black. 

Gelatine  stabs  show  the  same  tinting  of  the  medium,  the  surface 

growth  being  raised,  moist,  and 
greyish-white. 

Agar-agar  streak.~The  surface 
growth  is  often  of  a  dirty  grey 
colour. 

In  the  depths,  and  in  stab 
cultures,  a  dark  brown,  black,  or 
sometimes  a  blue-black,  coloration 
of  the  medium  is  seen. 

Potato. — The  growth  may  at 
first  be  yellowish,  but  soon  a  green- 
ish-black  tint    is   given   to  the 
( 530  medium  around. 

In  milh,  when  alkaline,  a  slate 
colour  is  formed  if  kept  at  15°  to 
18°  C.  In  the  presence  of  lactic  acid  fermentation  a  blue  colour  is 
produced.  Keeping  the  milk  at  37°  C.  prevents  the  formation  of  this 
colour,  which  may  take  a  considerable  time  to  develop. 

Under  tlie  microscope,  the  organism  is  seen  to  present  a  great 
variety  of  shape.  It  occurs  as  rounded  cocci-like  bodies  ;  or  as  short 
rods,  sometimes  encapsuled  and  collected  into  zooglea-like  masses ; 
or  as  medium-sized  rods  with  rounded  ends  containing  a,  spore  in  the 
middle :  if  the  spore  develops  terminally,  the  bacillus  is  more  or  less 
club-shaped.  Longer,  irregularly  swollen,  involution  forms  are  also 
met  with.  The  length  has  been  stated  to  vary  from  1  to  4  /i,  and 
its  breadth  from  0-3  to  0-5  /x.  It  is  very  motile,  except  when  in  the 
zooglea-like  masses. 

Bacillus  pyocyaneus  is  the  organism  of  blue,  or  greenish-blue, 


Fig.  25. — bacillus  cyanogenus. 


From  a  culture 
three  weeks  old 


Prom  a  culture 
two  months  old 
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pus.  This  bacillus,  though  pathogenic  when  injected  subcutaneously, 
or  intraperitoneally,'  into  guinea  pigs  and  rabbits,'  may  be  con- 
veniently treated  of  here. 

Cultivations.— (rc/aiwir?  sto&.— Eapid  liquefaction  of  the  medium 
occurs  ;  the  upper  fluid  portion,  especially  where  in  contact  with 
the  ah',  being  of  a  beautiful  green  tint,  as  seen  both  by  reflected  and 
by  transmitted  light. 

Agar-agar  stab.— The  whole  of  the  medium  rapidly  turns  green  or 
greenish-blue,  which  becomes  darker  with  age.  The  surface  growth 
is  moist  and  white,  with  a  well-marked  bluish-green  tint ;  so  for  the 
agar  streak  cultivation. 

Potato. — A  pale,  reddish-brown,  moist  gi-owth  is  seen,  often  also  a 
greenish  tint  is  added.  The  green  tint  becomes  still  more  obvious 
on  the  addition  of  ammonia,  whilst 
the  addition  of  a  little  acid  accen- 
tuates the  red  colour. 

If  the  growth  on  potato  after 
from  seventy-two  to  ninety-six 
hours'  incubation  at  37°  C.  is  gently 
pressed  with  a  sterile  platinum 
needle,  the  red-brown  colour  is  seen 
to  change  to  green,  the  original 
colour  reappearing  in  from  ten  to 
thirty  minutes.  This  is  known  as 
the  '  Chameleon  phenomenon  '  of 
Ernst,  who  has  paid  much  atten- 
tion to  this  organism  (Abbott). 
The  phenomenon,  however,  does  not  always  appear,  its  presence 
or  absence  depending  probably  on  the  great  differences  observable 
in  potatoes  as  regards  their  reaction. 

Under  the  microscope,  the  organism  is  seen  to  be  a  slender  rod- 
shaped  bacillus,  with  rounded  extremities.  Its  length  varies,  being 
sometimes  hardly  longer  than  it  is  broad,  so  that  it  might  be  mistaken 
for  a  coccus ;  whilst  in  old  cultures  fairly  long  forms  are  seen,  the 
majority,  however,  being  short  thin  rods  about  the  same  length,  but 
slightly  thicker  than  in  the  case  of  the  bacillus  of  mouse  septicaemia 
(p.  215) .  Spore  formation  appears  to  be  present,  though  this  is  denied 
by  Abbott.  It  is  very  motile,  and  owes  its  motility  to  the  presence  of 
a  single  flagellum  at  one  end. 

The  virulence  of  this  organism  i  for  rabbits  and  guinea  pigs 
'  Symmers,  and  others,  have  recently  brought  forward  evidence  to  prove  that 
B.pyocyaneus  may  be  pathogenic  for  man  also,  and  not  merely  saprophytic,  as 
hitherto  believed.  x    x.  j 


Fig.  26. — bacillus  ptocyaneus.    x  925 


42 


ESSENTIALS  OF  PEACTIOAL  BACTERIOLOGY 


passes  off  the  longer  it  has  been  subcultui'ed ;  but  it  may  be  restored 
by  successive  inoculation  through  a  series  of  animals  from  one  to 
another. 

The  subcutaneous  injection  of  1  c.cm.  of  a  virulent  culture  may  be 
toilowed  by  death  in  less  than  twenty-four  hours  (eighteen  to  thirty- 
six  hours  being  the  average  time),  with  blood-stained  oedematous 
infaltration,  or  even  well-marked  suppuration,  extending  from  the 
point  of  inoculation.  A  general  septicsemic  condition  may  be  pro- 
duced, the  blood  and  tissues  containing  the  baciUi  in  large  numbers. 
Smaller  doses  may  be  followed  by  merely  an  abscess  at  the  seat  of 
injection.  By  repeated  sub-fatal  doses  an  animal  may  be  made 
immune  to  the  organism,  and  its  serum,  when  injected  into  another 
animal,  is  both  prophylactic  if  administered  prior  to  inoculating 
the  organism,  and  curative  when  given  in  the  proper  proportions 
after  the  disease  has  been  introduced. 

The  serum,  moreover,  has  the  same  power  of  paralysing  the 
activity  and  agglutinating  the  baciUi  in  a  fresh  broth  culture  of 
B.  lotjocycmeus  as  in  the  now  well-known  Widal's  sero-diagnosis  test 
for  typhoid  (see  p.  183,  ct  seq.),  so  that  they  fall  to  the  bottom  of  the 
test-tube  of  serum  in  which  they  are  grown,  or  with  which  they  are 
mixed,  instead  of  causing  a  uniform  turbidity,  as  happens  when  they 
are  grown  in  ordinary  healthy  serum  ;  and,  under  the  microscope,  a 
hanging  drop  shows  clumps  of  motionless  organisms  everywhere. 

A  further  interesting  fact  about  this  organism  has  been  established. 
Inoculation  with  an  active  culture  of  B.  pijocyaneus  shortly  after  the 
injection  of  a  virulent  culture  of  B.  anthracis  will  counteract  the 
fatal  effects  of  the  latter. 

A  similar  result  follows  the  use  of  sterihsed  cultures,  the 
antagonistic  effects  being  therefore  due  to  the  chemical  products  of 
the  bacilli  (Sims  Woodhead  and  Cartwright  Wood). 

From  cultures  of  B.  2)yocyaneus,  and  from  the  blue  pus,  or 
dressings  stained  therewith,  the  product  called  pyocyanin  has  been 
extracted  by  means  of  chloroform,  from  which  bluish-green  needle- 
shaped  crystals  separate  out. 

The  formation  of  colours  by  micro-organisms. — Briefly,  we  may 
say  that  in  most  cases  the  pigment  exists  in  the  sheath  rather  than 
in  the  protoplasm  of  the  organism ;  and  owing  to  the  interaction 
between  the  organism  and  the  surrounding  medium,  whether  natural 
or  artificial,  this  pigmentation  may  spread  far  and  wide  into  the 
latter,  as  we  have  already  seen.  The  beautiful  rainbow-like  tints  and 
other  changes  in  colour  which  putrescent  matter  undergoes  must 
have  been  observed  by  every  one.    These  effects  are  associated  with 
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the  presence  of  a  great  variety  of  micro-organisms  yeasts  and 
moulds  different  kinds  of  sarcinae,  bacilli,  &c.  The  formation  of 
pigment,  like  that  of  gas  or  acid,  in  the  case  of  other  organisms- 
e  cr  B.  coli  covwmnis—is  simply  a  product  of  their  metabohsm. 
Some  organisms  have  an  affinity  for  any  iron  in  their  vicmity,  and, 
in  the  form  of  oxide,  this  metal  is  sometimes  stored  up  m  their 
sheath.  The  Cladothrix  dichotoma,  found  in  water,  is  an  instance 
in  point.  Other  organisms  have  a  special  affinity  for  sulphur,  which, 
arising  from  the  decomposition  (into  sulphuretted  hydrogen)  of  the 
sulphates  universally  present  in  water,  soil,  &c.,  may  become  stored 
up  as  granules  in  the  protoplasm  of  the  organism  itself,  as  in  the 
well-known  case  of  Beggiatoa. 

We  may  suppose  that  in  this  way  sulphur  and  iron  are  brought 
into  connection  with  one  another,  and  that  the  pigment  is  essentially 
iron  sulphide  in  combination  with  an  organic  base.  This  mode  of 
pigment  formation  may  be  compared  with  the  various  colours  in 
precious  stones,  whch,  though  so  different  in  appearance,  are 
often  almost  identical  in  chemical  composition,  their  various'  tints 
resulting  from  similar  combinations  of  iron  with  sulphur,  oxygen, 
&c.  There  is  reason  to  suppose,  however,  that  pigments  may  also 
be  formed  apart  from  the  presence  of  iron,  arising  from  the  metabolism 
of  purely  albuminoid  substances.^  •  . 


LESSON  VII 

THE  CHROMOGENIC  BACTERIA  {continued) 

A.  Bacillus  fLuorescens  liquefaciens 
■B.  Bacillus  fluorescens  non-liquefaciens 

I.  Gilltivations  of  A  and  B  :  (i)  Gelatine  stab.^ 
„  of  B  only  :  (ii)  Gelatine  streak. 

,,        of  A  and  B  :  (iii)  Agar  stab. 
„        of  A  and  B  :  (iv)  Agar  streak. 
II.  Stain  covcrslips  of  A  and  B  with 

(i)  Carbol-fuchsin. 

(ii)  Anilin-water  gentian-violet. 

'  For  further  details  the  reader  is  referred  to  the  very  interesting  account  in 
Dr.  Sims  Woodhead's  Bacteria  and  their  Products,  to  which  I  must  acknowledge 
niy  indebtedness  in  the  above  risumd. 

-  See  footnote,  p.  35. 
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C.  Micrococcus  agilis 

I.  Cultivations :  (i)  Gelatine  stab. 

(ii)  Gelatine  streak. 

(iii)  Agar  streak. 

(iv)  Potato. 
II.  Stain  cover  slips  with 

(i)  Carbol-fuchsin. 
(ii)  L6fl9er's  methylene  blue. 
HI.  MaU  a  hanging  drop  from  a  fresh  culture— broth  by  pre-' 
ference  i-and  examine  it  under  ^V-inch  oil  immersion.    Notice  the 
single  COCCI,  cocci  in  twos  and  fours  (diplococci  and  tetrads)  and 
chams,  movmg  actively,  the  movement  being  rotatory  as  well  as 
from  place  to  place. 

D.  Sarcina  lutea 

I.  Cultivations  :  (i)  Gelatine  stab. 

(ii)  Agar  streak. 
II.  Stain  a  cover  slip  with  carbol-fuchsin. 

E.  Spirillum  rubrum 

I.  Cultivations  :  (i)  Gelatine  stab. 

(ii)  Gelatine  streak. 

(iii)  Agar  streak. 

(iv)  Broth. 

II.  Stain  coverslip  prejmrations  from  a  solid  and  broth  culture, 
Tespectively,  with  carbol-fuchsin. 

Bacillus  fluorescens  liquefaciens 

Bacillus  fluorescens  liquefaciens.— According  to  Prankland,  this 
■organism,  or  shght  variations  of  it,  is  perhaps  more  frequently  found 
in  water  than  any  other  form.    It  is  also  found  in  putrid  infusions. 

Cultivations. — Gelatine  stab— Along  the  track  of  the  needle  the 
growth  is  seen  as  a  white  filament.  In  the  upper  part  a  cup-shaped 
region  of  Uquefaction  is  soon  seen,  which  is  yellow  when  observed  by 
transmitted,  and  green  by  reflected  hght,  producing  a  characteristic 
fluorescence.  At  the  bottom  of  the  tube  is  a  deposit  of  dense  white 
growth. 

Agar  streak. — The  growth  is  of  a  dirty  white  colour,  with  a 
greenish-yellow  coloration  of  the  medium. 
Potato. — A  brownish  layer  is  produced. 

Under  the  microscope  are  seen  (fig.  27,  a)  vesy  short  rods  with 

'  Note  for  the  teacher. — It  is  convenient  to  have  a  fresh  broth  culture  ready 
for  the  class  on  the  day  it  is  required. 
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rounded  ends,  1  to  1-5  long,  by  0-5  /.  broad.  It  is  mbtilci- but  nc>, 
spore  formation  has  been  observed, 

Bacillus  fluorescens  non-liquefaciens.— This  organism  occurs  in 


-A  thin,  fluorescent,  greenish- white 


Fig.  27. — A,  bacillus  fluoeescens  lique- 

FACIENS.  B,  BACILLUS  ELTJOKESCENS  NON- 
LIQUEFACIENS.    X  530 


water. 

Cvi[tiva.tions.— Gelatine  streak 
film  is  produced.  In  gelatine 
plates  the  surface  colonies  form 
characteristic  'fern-leaf '  pat- 
'terns,  and  are  somewhat  opales- 
cent ;  by  transmitted  hght,  they 
are  yellow ;  by  reflected  light, 
they  are  greenish.  The  gelatine 
is  not  Uquefied. 

Gelatine  stab. — The  growth 
is  very  slight,  compared  with 
that  seen  in  the  case  of  the  pre- 
ceding organism. 

Potato. — The  growth  appears 
rapidly  as  a  brownish  layer,  and 
the  surrounding  surface  then 
assumes  a  bluish-grey  tint. 

Under  the  microscope,  short,  and  very  thin  rods  with  rounded  ends, 
are  seen  (fig.  27,  b).  It  is  non-motile,  and  no  spores  have  been  seen. 
Several  other  fluorescent  baciUi  are  known. 

Micrococcus  agilis. — This  also 
occurs  in  water. 

Cultivations. — Gelatine  stab. — 
The  organism  spreads  as  a  pink 
growth  along  the  track  of  the 
needle,  and  only  slowly  produces 
liquefaction  (about  three  weeks  or 
a  month). 

The  Sitrface  growth  on  gelatine, 
on  agar-agar,  and  potato,  is  of  a 
beautiful  pink  colour.  A  variety  of 
this  organism.  Micrococcus  agilis 
citrem,  also  present  in  water,  is 
identical  under  the  microscope, 
but  its  cultures  are  of  a  lemon- 
yellow  colour. 

Under  the  microscope,  cocci,  singly  and  in  pairs,  especially  the 


Fig.  28. — micrococcus  agilis 
citheus.    X  530 

From  a  culture  two  days  old. 
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Pig.  29. — saecina  lutea  (agab-agah 

culture),  no  'packets,'  OB  CUBES, 
ABE  SHOWN.      X  530 


latter,  and  in  groups,  are  seen.  Their  diaa^eter  is  about  1  and  they 
exhibit  well-marked  motility,  the  pairs  and  groups  of  cocci  rotatincr 
as  they  move  from  place  to  place.  The  single  flagellum  attached 
to  each  coccus  is  very  fine,  and  has  been  estimated  to  be  four  or  five 

times  the  length  of  the  organism. 

Sarcina  lutea.— This  occurs  in 
the  air  ;  and  a  similar  organism,  the 
sarcina  ventriculi,  is  found  in  the 
vomit  in  cases  of  simple  dilatation 
of  the  stomach  and  in  pyloric  ob- 
struction due  to  carcinoma  pylori. 

Cultivations.— GeZaiine  stab.— 
The  growth  along  the  track  of  the 
needle  is  of  a  paler  tint  than  thai 
on  the  surface,  which  is  of  a 
beautiful  canary-yellow  colour. 
Liquefaction  of  the  gelatine  ' 
occurs. 

Agar  streak. — The  growth  is  similar  in  colour. 
Under  the  microscope,  the  organisms  are  seen  to  occur  singly,  in 
pairs,  in  fours,  and  in  cubes,  which  present  the  characteristic  ap- 
pearance of  corded  bales  of  cotton.  These  cubes  are  often  well  seen  in 

the  liquefying  colonies  on  gelatine 
plates,  using  the  §-inch  objective. 
But  perhaps  they  are  best  seen 
in  vomited  matter  in  the  cases 
mentioned  above. 

These  '  packets,'  or  cubes,  are 
formed  by  multiplication  of  the 
cocci  in  three  directions  (seep.  38). 

Spirillum  rubrum.— This  was 
first  isolated  from  the  putrefjdng 
tissues  of  a  mouse  dying  of  mouse 
septicaemia.  It  is  a  typical 
spirillum,  and  may  therefore  be 
conveniently  used  to  represent  the 
Spirillum  Obermeieri,  the  organism  present  in  the  blood  of  patients 
suffering  from  relapsing  fever. 

Cultivations.— G^eZaime  s^a&.— The  growth  along  the  track  of  the 
needle  consists  of  fine  granules  of  a  beautiful  crimson  colour,  whilst 

'  Sarcina  ventriculi  and  Sarcma  indmonum  (which  is  found  in  phthisical 
sputum)  do  not  liquefy  gelatine. 


Fig.  30. — spieillum  eubeum. 
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that  on  the  free  surface  is  almost  colourless.  There  is  no  lique- 
faction. _  1  I-,- 

Gelatine  streak.— The  growth  is  white  and  moist.  On  hoidmg 
the  tube  up  to  the  hght  the  deeper  part  of  the  growth  may  be  seen  to 
be  of  a  light  pink  tint. 

Agar-agar  streak. — The  growth  is  similar  to  that  on  gelatine,  but 
the  pink  tint  is  generally  more  pronounced. 

Broth.— The  growth  sinks  to  the  bottom,  and  is  of  a  pink  colour. 

Under  the  microscope,  spirally  twisted  rods  are  seen.  Some  of 
these  form  long  threads,  which  bend  at  a  right  angle  in  one  or  more 
places  {spirochcete  forms).  In  broth,  longer  spiral  threads  are  formed 
than  on  the  solid  media.    Growth  is  always  somewhat  slow. 

The  organism  is  very  motile„and  has  a  pair  of  long  flagella  at 
either  end,  which  may  be  stained  by  the  ordinary  method  for  flagella 
(see  p.  169,  et  seq.). 

It  readily  undergoes  degeneration  or  'involution,'  as  it  is  other- 
wise known.  Under  these  circumstances,  the  organism  is  thicker, 
the  spirals  are  less  marked, — the  coils  being  apparently  opened  out — 
and  vacuoles  are  seen ;  lastly,  the  involuted  organism  takes  the 
stain  less  intensely  than  when  in  its  normal  condition.  The  appear- 
ance of  the  cultures,  however,  remains  typical. 


LESSON  VIII 

A.  Bacillus  subtilis 

B.  Bacillus  megaterium 

C.  Bacillus  mycoides 

1.  Cultivations  of  A,  B,  and  C,  on 

(i)  Gelatine  stab.^       (ii)  Agar-agar  streak.       (iii)  Broth. 
Compare  each  of  these  three  sets  of  cultures. 

II.  Stain  coverslip  preparations  of  A,  B,  and  C  with  carbol-fuchsin. 

III.  Stain  A,  B,  and  C  for  spores  by  the  following  method  : 
MoUer's  method  for  staining  spores. — 1.  Make  a  thin  film  prepara- 
tion on  an  absolutely  clean  coverslip  ;  dry,  and  fix  as  usual.  Hold 
in  cornet  forceps. 

2.  Pour  on  absolute  alcohol.^  After  two  minutes,  drain.  Again 
dry,  and  fix  in  the  flame. 

3.  Pour  on  chloroform.  After  two  minutes  (when  the  fluicl  will  have 
become  cloudy),  drain,  dry,  and  fix  in  the  flame,  as  there  is  considerable 
tendency  for  the  film  to  get  loosened  during  this  stage. 

'  See  footnote,  p.  35. 

"  Good  methylated  spirit  may  be  used  instead  of  absolute  alcohol. 


48 


ESSENTIALS  OF  PliACTICAL  BACTERIOLOGY. 


4.  Pour  on  chromic  acid  5  per  cent.  After  two  minutes,  wash  the 
covershp  gently  but  thoroughly,  to  get  rid  of  the  yellow  colour 
Dvy  and  fix  m  flame. 

5.  Filter  carbol-fuchsin  on  to  the  film,  and  warm  till  it  steams 
Place  the  covershp  in  the  paraffin  cupboard,  or  warm  incubator,  for 
ten  to  fifteen  mmutes.  after  which  wash  away  the  excess  of  stain  ■ 


Pig.  31. — gelatine  stab  cultures  (4  pays  old)  of 
a.  bacillus  subtilis       b.  bacillus  mecateeiuji      c.  bacillus  mycoides 
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6.  Decolorise  wifch  5  per  cent,  sulphuric  acid,  in  a  watch-glass  ; 
but  the  coverslip  must  only  just  be  dipped  in  and  out,  and  at  once 
well  washed  in  water;  otherwise  the  spores  may  also  be  decolorised. 
This  is  the  critical  part  of  the  method. 

7.  Dry  the  film,  and  counterstain  in  Loffler's  blue  for  five  minutes. 
Wash  well.  If  no  blue  colour  is  visible,  counterstain  again  until  the 
film  is  seen  to  be  of  a  bluish  tint.  Wash,  dry,  and  mount.  The 
spores  will  be  stained  a  beautiful  red  colour  and  the  bacilli  blue. 

IV.  Make  a  hanging  drop  from  the  broth  cultures  of  A,  B,  and  C, 
after  incubating  them  overnight  at  37°  C.  Observe  the  motility  of 
the  organisms  in  each  case. 

Bacillus  subtilis 

Bacillus  subtilis  occurs  almost  universally,  and,  together  with  its 
spores,  is  especially  abundant  in  packing  material,  in  straw  and  hay ; 
hence  the  popular  name  of  it,  '  the  hay  bacillus,'  of  which  there 
appear  to  be  several  varieties. 

Cultivations. — Gelatine  stab. — A  white  growth  is  seen  along  the 
needle  track,  and  the  gelatine  is  rapidly  Hquefied  (fig.  31,  a),  the 
growth  sinks  to  the  bottom,  and  a  wrinkled  scum  is  form.ed  on  the 
surface.  As  Hquefaction  proceeds,  this  first  scum  also  sinks  to 
the  bottom  and  is  replaced  by  a  second.  Frequently,  however,  lique- 
faction is  slower  than  this,  and  from  the  track  of  the  needle  horizontal 
In-anches  extend  into  the  medium,  producing  a  fine  feathery  growth. 
After  a  while,  this  appearance  may  be  slowly  replaced  by  the  liquefy- 
ing gelatine.  This  difference  as  to  hquefying  power  seems  to  point 
to  the  existence  of  varieties  of  the  organism. 

Agar-agar  streak.— The  cultivation  is  very  characteristic.  It  is 
opaque,  white,  and  moist  at  first,  with  well-defined  edges  (fig.  32,  a). 
As  the  growth  becomes  older  its  surface  becomes  much  dryer  and 
wrinkled,  especially  at  the  bottom  of  the  tube,  when  the  wrinkling 
often  assumes  a  fight  fawn  colour  and  may  somewhat  resemble  a 
badly  developed  culture  of  B.  tiLherculosis. 

5ro^/z.— Turbidity  rapidly  sets  in  after  inoculation  at  37°  C.  A 
much-wrinkled  dry  white  scum  on  the  surface  is  characteristic  of  this 
organism. 

Potato.— The  growth  is  moist  and  white.     Spore  formation  is 
very  rapid  on  this  medium. 

Under  the  microscope,  the  growth  is  seen  (fig.  33)  to  consist  of 
rods,  short  and  long,  with  rounded  ends,  often  arranged  in  chains,  and 
containing  oval  spores.' 

'  See  general  remarks  on  spores,  at  the  end  of  this  chapter  (p.  52). 
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The  whole  interior  of  the  bacillus' may  be  occupied  with  the 
spore,  which  appears  as  a  clear  oval  body,  seeming  to  show  bi-polar 


Fig.  32.-  glycekine  agak-agar  streak  cultures. 

A.  BACILLUS  SUBTILIS  B.  BACILLUS  MEGATERIUM  C.  BACILLUS  MYCOIDES 

Staining,  the  stained  part  being,  however,  the  remains  of  the  distended 
bacillus.    When  the  spores  are  hberated  from  the  bacilh  they  remaui 


BACILLUS  MEaATEKIUM 


61 


colourless  if  the  simple  stains  have  been  used  for  the  preparation. 
MoUer's  method  stains  the  spores  of  a  red  colour,  and  the  baciUi  blue. 
The  spores  are  large,  and  have  been  estimated  to  be  1'2  /a  long,  and  0-6 
broad.  They  survive  exposure  for  one  hour  to  a  temperature  of  120°  C. 


Fig.  33.— bacillus  subtilis,  with 
numerous  spoees.    x  925 

In  a  hanging  drop  the  bacilli 
are  seen  to  be  very  active  in  their 
movements. 


Fig.  34. — spoee  staining  (moller's 
method).     X  925 

In  the  upper  part  of  the  field,  Bacillus  sublilis  ; 
iu  the  lower  portion,  Bacillus  megatenum. 
Spores,  red  ;  bacilli,  blue. 


Bacillus  megaterium  was  first 
isolated  from  boiled  cabbage 
leaves,  and  has  been  found  in 
water. 

Cultivations.— GeZa^Mie  stah. 
From  the  dehcate  growth  along 
the  needle  track,  fine  hairlike  fila- 
ments (fig.  31,  b)  are  seen  to  spread 
out  into  the  medium.  These 
branches  are  unequal  in  size,  but 
in  other  respects  the  growth  is 
very  similar  to  that  of  B.  mycoides. 
Liquefaction  rapidly  ensues,  the 

surface  growth  sinking  gradually,  as  an  opaque  yellowish-white  layer 
to  the  bottom  of  the  tube. 

Agar  streak.~The  growth  is  white  and  moist.  Prom  its  edge 
fine  filaments  pass  outwards  (fig.  32,  b). 

Potato.~A  yellowish-white  growth  appears,  not  nearly  so  profuse 
as  m  the  case  of  B.  subtilis  and  B.  mycoides. 

E  2 


Fig.  35. — bacillus  megaterium 
(eighteen  days  old).    X  925 
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Under  the  microscope,  a  rod-shaped  bacillus,  frequently  very  long 
and  thick,  with  rounded  ends,  is  seen,  often  sHghtly  curved,  and  con- 
taining black  granules  and  spores  (fig.  35). 

Multiplication  by  fission  also  occurs.  By  the  use  of  dehydrating 
agents  separate  divisions  have  been  observed,'  so  that  the  bacillus  then 
appears  to  be  made  up  of  a  series  of  short  rods  aggregated  together, 
each  containing  granules  and  a  single  spore.  There  is  shght  motility. 
The  bacilli  are  provided  with  several  flagella,  sometimes  as  many 
as  twelve.    They  are  stained  by  Gram's  method. 

Bacillus  mycoides.— This  is  one  of  the  commonest  organisms  in 
the  supei'ficial  parts  of  cultivated  soil. 

Cultivations. — Gelatine  stab. — The  growth  spreads  out  from  the 
track  of  the  needle  in  filmy  branches  about  equal  in  size,  many  of 

them  becoming  twisted  together, 
so  as  to  present  a  somewhat  spiral 
appearance  (fig.  31,  c).  Liquefac- 
tion is  rapid. 

Agar-agar  streak. — The  growth 
is  white  and  moist,  with  a  fringe- 
like edge  (fig.  32,  c).  Subsequently 
the  surface  becomes  drier. 

Broth. — Turbidity  rapidly  oc- 
curs. A  white  scum  forms  on 
the  surface,  and  later  on  becomes 
of  a  brownish  colour. 

Potato. — A  white  slimy  growth 
appears. 

Under  the  microscope,  rod-shaped  organisms  with  rounded  ends 
are  seen,  which  are  said  to  closely  resemble  B.  anthracis.  They  are, 
however,  decolorised  by  Gram's  method.  Their  length  is  1-5  to  2-5  fx, 
and  breadth  0-75.  Oval  spores  are  present  of  aboiit  the  same  size  as 
those  of  B.  snbtilis.    The  organism  is  motile. 

Spores  and  spore  formation. — Under  favourable  conditions  bacteria 
multiply  by  a  process  of  fission,  hence  the  name  Schizo-viycetes,  or 
Fission-fungi,  given  to  the  class.  Under  unfavourable  conditions,  chief 
amongst  which  are  to  be  mentioned  defective  nutrition  generally, 
hyper-oxygenation  or  the  contrary,  and  the  accumulation  of  the 
metabolic  products  of  the  organism's  vitality,  multiphcation  by  fission 
is  checked  and  the  formation  of  spores  commences.  These  appear 
as  minute,  discrete,  and  highly  refractile  granules,  which  run  together 

1  De  Bary,  quoted  by  Crookshank  {Bacteriology  and  Infective  Diseases,  p.  522). 
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to  form  a  single  spore  in  each  bacillus.  Each  spore  consists  of  an 
outer  gelatinous  envelope,  or  exosporium,  and  an  inner  portion  or 
mdos2:)ormin. 

Opposite  views  have  been  held  as  to  the  real  nature  of  spore 
formation,  whether  it  is,  or  is  not,  to  be  considered  as  an  indication  of 
commencing  degeneration.  However  this  may  be,  their  structure 
explains  both  the  great  resisting  power  of  spores  to  destructive 
agencies,  drying,  chemicals,  &c.,  and  the  difficulty  experienced  in 
staining  them  by  simple  methods. 

The  central  portion,  or  endosporium,  stains  readily  only  after  the 
gelatinous  envelope,  or  exosporium,  has  been  specially  prepared  by 
maceration,  &c.,  as  in  MoUer's  method,  or  by  passing  the  film  pre- 
paration rapidly  and  frequently  through  the  flame  so  as  to  split  the 
outer  envelope  sufficiently  for  the  stain  to  reach  the  endosporium. 
This  splitting  of  the  sheath  also  appears  to  take  place  spontaneously, 
so  as  to  allow  the  contents  to  elongate  when  the  spore  is  about  to 
germinate,  and  give  origin  to  a  bacillus. 

It  may  be  mentioned  here  that  analogous  difficulties,  probably 
due  to  differences  in  chemical  composition  of  the  sheath,  &c.,  are 
sometimes  also  met  with  in  staining  the  bacillus  itself,  e.g.  in  the  case 
of  B.  hcberctilosis,  B.  leprcB,  &c.,  and  in  attempting  to  demonstrate  the 
flagella  in  the  case  of  flagellate  organisms,  e.g.  B.  typhosus. 


LESSON  IX 

YEASTS — PEBMENTATION 

A.  Saccharomyces  cerivisiae. 

B.  Torula  rosea. 

C.  Torula  nigra. 

D.  Saccharomyces  (or,  Oi'dium)  albicans. 

I.  (a)  Make  Cultivations  of  A,  B,  and  C  on  gelatine  streak. 
Make  Cultivations  of  D  on 

(i)  Gelatine  or  agar  streak,  which  contains  little  saccharine  ' 
matter. 

(ii)  Potato,  which  contains  carbohydrate  material  in  abundance. 

(iii)  Glucose  broth. 

-I.  (a)  Stain  coverslips  of  A;  B,  and  C  with  carbol-fuchsin. 

Stain  coverslips  of  D,  grown  in  the  sugar-broth,  and  on  the 
media  containing  httle  or  no  saccharine  material. 
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The  sugar-broth  preparation  will '  present  the  appearance  of 
ordinary  yeast ;  the  others  also  contain  numerous  filaments,  which 
may  be  welded  into  a  feltwork  or  mycelium,  thus  resembling  a  mould, 
in  which  class  the  fungus  was  formerly  included. 

Yeasts,  putrefactive  organisms,  and  moulds.— Having  dealt  with 
some  of  the  non-pathogenic  bacteria,  and  before  passing  on  to  those 
more  generally  spoken  of  as  pathogenic,  it  will  be  useful  to  consider 
in  this  and  the  following  lessons  the  yeasts,  putrefactive  organisms, 
and  moulds,  though  a  good  many  of  the  last  mentioned  are  also 
recognised  to  be  pathogenic  in  their  effects. 

Yeasts,  moulds,  and  bacteria  generally,  are  aUied  to  the  algcB,  but 
being  destitute  of  green  colouring  matter  may  be  included  under  the 
common  term  Achlorophyllous  thallopliytes. 

Bacteria  are  distinguished,  principally,  by  their  very  minute  size 
from  yeasts.  Multiplication  by  budding,  or  gemmation  (fig.  37), 
is  characteristic  of  yeasts  ;  whilst  bacteria  multiply  generally  by 
fission  (p.  52),  and  less  frequently  by  spore  formation.  Under 
special  conditions,  however  (p.  55),  the  formation  of  spores  is  also 
seen  to  occur  in  yeast  cells. 

Yeasts  and  moulds  are  closely  related  to  one  another,  but  are 
separated  into  two  orders,  the  Saccharomycetes,  and  the  Hyplw- 
mycetes,  respectively.  The  growth  in  the  case  of  yeasts  is  seen  to  be 
made  up  of  round  or  oval  cells,  and  there  is  no  true  mycelium  ; 
movilds  are  characterised  by  the  presence  of  branching  filaments  or 
hyphcB,  interlacing  to  form  a  feltwork  or  true  mycelium.  Hence  the 
name  Hyphomycetes  is  given  to  the  group  of  moulds. 

On  account  of  their  natural  affinities,  it  is  usual  to  study  the 
yeasts  and  the  moulds  together.  But  in  order  to  emphasise  the 
close  connection  which  exists  between  the  processes  of  fermentation 
and  putrefaction,  and  on  account  of  the  practical  advantages  offered 
by  this  arrangement — the  organisms  concerned  in  these  processes 
being  grouped  together — it  has  been  thought  convenient  to  insert 
the  lesson  on  the  organisms  of  putrefaction  between  those  dealing 
with  the  yeasts  and  the  moulds  respectively. 

Yeasts,  or  yeast  fungi,  belong  to  the  order  Saccharomycetes,  and, 
speaking  generally,  are  purely  saprophytic  in  nature  (p.  37),  i.e.  they 
are  unable  to  invade  living  tissues,  whether  animal  or  vegetable. 
This  is  not  invariably  the  case,  however,  a  notable  exception 
being  the  organism  of  '  Thrush,'  Saccharomyces,  or  Oidiwn  albicans 
(see  p.  56). 

Structurally,  they  consist  of  round  or  oval  cells,  arranged  singly, 
or  in  short  .chains.    The  single  cells  are  often  much  larger  than  most 
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of  the  individual  bacteria  such  as  we  have  abeady  examined.  Their 
diameter  may  be  as  much  as  8  or  9-5  /x.  The  thin  cell-wall  encloses 
a  granular  protoplasm,  containing  one  or  more  vacuoles,  and  some- 
times a  nucleus  (best  seen  in  old  cultures,  and  by  staining  with 
haematoxyhn,  osmic  acid,  &c.). 

Multiplication,  as  already  mentioned,  usually  occurs  by  a  system 
of  budding  or  gemmation,  the  buds,  or  daughter-cells,  remaining 
attached  for  a  variable  time  to  the  mother-cell.  This  process  is  well 
seen  in  an  actively  fermenting  saccharine  solution. 

In  the  true  yeasts,  Saccharomyces  cerivisia,  S.  ellipsoideus,  &c., 
under  certain  circumstances,  three  or  four  spores  may  be  seen  within 
the  cell  {endospores),  whereas  in  the  closely  allied  group,  the  true 
TondcB,  no  spore  formation  has  ever 
been  observed  at  any  stage  of  develop- 

(gemmatiou)' 

ment,  or  under  any  circumstances  by  ^  0^ 

Hansen,   whose   researches,   together  jiother-oeii—^^ 
with  those  of  his  pupils,  have  done  so 

much  to  revolutionise  the  processes  of  Fig.  37.— yeast  cells 

modern  brewing.    Thus,  Tonola  rosea,       (sac™myces^  ceeivisi^). 
commonly  called  zjeast,   is    no    ^-p^,^^  Schenk's  'Bacteriology'] 

longer  considered  to  be  a  true  yeast. 

Strictly  speaking,  it  should  be  included  in  a  separate  order  of  its 
own,  the  Torulacece,  though  under  the  microscope,  apart  from  the 
question  of  spores,  it  is  not  to  be  distinguished  from  a  yeast. 

The  conditions  for  spore  formation  in  yeasts  are  that  the  cells 
must  be  young,  and  they  should  be  freely  supplied  with  air  and 
moisture.  The  most  favourable  temperature,  generally  speaking,  is 
25°  C.  But  the  important  observation  was  made  by  Hansen  that 
at  lower  temperatures  different  yeasts  require  different  periods  for 
the  development  of  spores.  Thus  S.  cerivisice  forms  spores  in  30 
hours  at  temperatures  ranging  from  25°  to  37"5°  C,  but  it  requires 
10  days  to  do  so  at  11'5°  G.  At  this  lower  temperatm'e,  under  similar 
conditions  otherwise,  another  yeast  (S.  pastorianus  II.)  forms  spores 
in  77  hours.  This  has  been  turned  to  practical  account,  and  thus 
the  presence  of  '  wild '  yeasts,  as  they  are  called,  may  be  ascertained 
if  contaminating  yeast  about  to  be  used  for  brewing  pm'poses.' 

Appearances  presented  by  the  cultiLres  A,  B,  C,  D. 

A.  Saccharomyces  cerivisiae  (or  heer  yeast)  is  a  typical  'high' 
yeast  plant  (see  p.  61). 

Cultivations. — Gelatine  streak. — The  growth  consists  of  raised 


'  Sims  Wooclhead.  Bacteria  and  their  Products. 
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knob-hke  white  colonies  of  rounded  outline.  The  gelatine  is  not 
iiquehed,  another  point  of  difference  between  yeasts  and  moulds 

Under  the  microscope,  the  rounded  or  oval  cells,  already  described 
are  seen  ;  and  also,  especially  if  grown  in  a  saccharine  fluid  daughter- 
cells  budding  from  the  mother-cell,  which  is  often  vacuolated 
iiuddmg,  or  gemmation,  maybe  replaced  by  endogenous  spore  forma- 
tion, the  conditions  favouring  this  being  referred  to  on  p.  55.  Their 
high  index  of  refraction  facilitates  the  detection  of  these  endospores 
m  unstained  specimens.  They  have  been  estimated  to  vary  from 
2'5  to  6-5 /X  in  diameter,  the  yeast  cells  themselves  being  frequently 
8  or  9  /X  in  diameter. 

B.  Saccharomyces  rosaceus  {Torula  rosea,  the  Bosa  Hefe  of 
Germans,  jnnk  yeast,  or  jnnk  torula). 

Cultivations.— The  raised  and  polished  surface  of  the  pink  growth 
on  gelatine,  agar-agar,  &c.,  closely  simulates  a  piece  of  red  coral. 

Under  the  microscope,  the  oval  cells  are  seen  to  be  large,  from  9 
to  10  /X. 

C.  Saccharomyces  niger  {Tomla  nigra,  or  black  tor2ila).—Both 
these  torulse  exist  in  the  air,  and  are  indistinguishable  from  true 
yeasts  except  by  the  absence  of  spore  formation. 

Cultivations  on  gelatine,  agar-agar,  &c.,  give  rise  to  slightly  raised 
shiny  growth,  not  unlike  black  sealing-wax. 

Under  the  microscope,  the  cells  are  seen  to  be  oval,  and  of 
large  size. 

D.  Saccharomyces  albicans  {Oidium  albicans,  thrush  fungus). — 
This  fungus  is  the  cause  of  thrush,  a  disease  chiefly  of  infants, 
associated  with  the  formation  of  somewhat  circular  patches  of  milk- 
white  colour,  occurring  on  the  tongue  and  mucous  membrane  of  the 
mouth.  These  patches,  however,  do  not  consist  of  a  single  yeast, 
but  of  a  mixture  of  yeasts,  moulds,  bacteria,  and  epithelium 
(Crookshank).  Sometimes  it  may  spread  down  the  pharynx  to  the 
oesophagus,  a  specimen  in  the  possession  of  the  writer  showing  the 
mucous  membrane  to  be  invaded  by  mycelial  filaments.  It  has 
also  been  found  on  diphtheritic  membranes  and  on  furred  tongues. 
An  acid  state  of  the  buccal  secretions  seems  to  be  necessary  for  active 
growth  of  the  fungus,  and  to  the  excessive  amount  of  mucus  (which 
readily  forms  acid)  present  in  infants  is  attributed  the  frequency  of 
the  disease  in  them  compared  with  older  children  (Pagge).  It  also 
occurs  in  adult  patients  suffering  from  extreme  exhaustion,  after  a 
prolonged  illness — typhoid  fever,  &c.,  phthisis,  or  cancer.' 

'  Fagge  records  frequent  recoveries  in  si^ite  of  the  unfavourable  prognosis 
generally  given  in  the  case  of  adults. 
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Intravenous  injection  in  rabbits  and  guinea-pigs  has  caused  death 
in  24  to  48  hours,  with  the  formation  of  long  myeehal  threads  in  the 

viscera  (Klemperer). 

Cultivations.— Gete^inc,  and  agar-agar,  streaks.— The  growth  is 
snow-white,  and  at  first  dry ;  subsequently  it  becomes  somewhat 
moist  and  wrinkled.    No  hquefaction  of  the  gelatine  occurs. 

Under  the  microscope  are  seen,  in  a  young  culture,  rounded  or  oval, 
or  cyhndrical  cells  of  varying  size,  but,  generally  speaking,  consider- 
ably larger  than  in  the  case  of  most  other  yeast  cells.  In  a 
medium  containing  sugar,  the  growth  is  purely  cellular  (fig.  38),  and 
budding  of  daughter-cells  (gemmation)  is  very  obvious. 

In  older  cultures,  especially  in  the  absence  of  sugar,  long  threads 
resembling  myeehal  filaments  (fig.  39)  are  seen ;  and  on  this  account 


Fig.  38. — sacchaeomyces  albicans        Fig.  39.  —  sAccHAEoarYCES  albicans 
(young  cultuee).     X  530  (old  cultuee),  showing  mycelial 

filaments.     X  530 


the  fungus  was  originally  thought  to  be  a  mould.  However,  cultivation 
in  saccharine  and  non-saccharine  media  suflices  to  prove  it  to  be 
really  a  yeast,  and  like  other  members  of  this  group  it  does  not 
liquefy  gelatine. 

Saccharomyces  albicans  is  thought  to  be  identical  with  O'idium 
lactis,  the  organism  of  sour  milk. 

Fermentation.— It  has  long  been  known  that  the  addition  of  the 
yeast  plant,  Saccharomyces  cerivisim,  to  a  sugary  solution  kept  at  a 
suitable  temperature  gives  rise  to  the  formation  of  alcohol  and 
carbonic  acid.  The  escape  of  the  CO2  gas  causes  the  solution  to 
bubble,  whence  the  famihar  term  'fermentation'  {fervere,  to  boil). 
The  active  agent,  yeast,  which  causes  this  change  is  called  a  ferment. 
For  the  relation  between  fermentation  and  putrefaction,  see  p.  67,  et  seq. 
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Sugar  fermentation  is  the  type  of  many  dther  similar  changes.  We 
may  mention  a  few  of  the  best  known  examples  : 

Acetic  acid  fermentation,  by  which  alcohol  is  converted  into 
vinegar,  the  active  agents  being  very  minute  bacilli,  united  in  short 
chains,  or  curved  rods  {Mycoderma  aceti,  and  M.  pastorianum). 

Lactic  acid  fermentation,  in  which  the  sugar  contained  in  milk 
(lactose)  is  converted  into  lactic  acid,  e.g.  by  means  of  Hiieppe's 
lactic  acid  bacillus. 

Btityric  acid  fermentation  follows  upon  lactic  acid  fermentation 
in  milk,  butter,  cheese,  and  also  in  saccharine  solutions.  The  butyric 
ferment  is  known  as  the  Bacillus  amylohacter,  orB.  butyricus  (see  also 
p.  60).  From  the  spindle-shaped  condition  of  the  bacillus  on  the 
occurrence  of  spore  formation,  it  is  also  known  as  Glostriditim 
biityricum. 

Ammoniacal  decomposition  of  urine  is  also  due  to  fermentation,  in 
which,  by  means  of  the  ferment  known  as  the  Micrococctis  urece, 
there  is  a  conversion  of  the  urea  into  ammonium  carbonate. 

Other  instances  of  fermentation,  e.g.  in  connection  with  the  manu- 
facture of  bread,  beer,  &c.,  will  be  referred  to  in  the  course  of  this 
lesson,  in  order  to  emphasise  the  vast  commercial  and  economic  im- 
portance of  this  expression  of  bacterial  activity. 

Ferments. — These  are  generally  arranged  in  two  classes  : 

I.  Simple,  unorganised  ferments,  or  enzymes. 

II.  Organised  ferments — yeasts,  bacteria,  &c. 

I.  Unorganised  ferments  or  enzymes  are  conveniently  classified 
by  Halliburton  ^  as  follows  : 

{a)  Amylolytic,  converting  starch  and  glycogen  into  sugar — 

e.g.  ptyalin,  diastase,  amylopsin. 
{b)  Proteolytic,  changing  proteids  into  proteoses  and  peptones 

— e.g.  pepsin  and  trypsin, 
(c)  Steatolytic,  splitting  fats  into  fatty  acids  and  glycerine — 

e.g.  the  steapsin  of  pancreatic  juice. 
{d)  Inversive,  which  convert  cane-sugar,  maltose,  lactose 

into  glucose — e.g.  invertin  of  intestinal  juice  and  of 

yeast  cells. 

(e)  Coagulative,  converting  soluble  into  insoluble  proteids — 
e.g.  rennet,  fibrin  ferment,  myosin  ferment. 
Most  of  the  above  ferments  are  studied  in  connection  with  the 
physiology  of  digestion,  &c.,  and  we  shall  here  only  concern  ourselves 

'  The  Essentials  of  Chemical  Physiology,  which  should  be  consulted  for 
further  details. 
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with  three  of  them,  diastase,  invertin,  and  rennet,  noting,  however,  that 
the  changes  produced  by  most  ferments,  organised  and  unorganised, 
consist  of  a  hydrolytic  action,  or  liydration,  by  which  water  is  added 
to  the  starch  or  sugar  (or  ceUulose— e.g.  in  the  case  of  putrefactive 
organisms),  after  which  a  spHtting-up  into  bodies  of  simpler  com- 
position occurs. 

Whilst  organised  ferments  may  be  killed,  if  the  products  of  their 
vital  activity— e.g.  alcohol  in  the  case  of  yeast— are  not  periodically 
removed,  the  action  of  unorganised  ferments  is  merely  inhibited  for 
the  time  being  under  similar  circumstances.  They  recover  their 
powers  when  the  products  of  their  activity  have  been  removed ;  so 
that  given  a  suitable  supply  of  material  to  work  upon,  and  the 
means  whereby  these  products  may  be  removed  continuously,  un- 
organised ferments  are  capable  of  acting,  practically,  for  ever. 

Enzymes  probably  play  an  important  role  in  the  production  of 
disease,  and  their  importance  is  being  more  and  more  generally 
recognised.  More  extended  investigations  of  these  unorganised  fer- 
ments, of  which  invertin  may  be  taken  as  the  type,  are  needed;  and 
it  is  not  unlikely  that  this  is  the  direction  along  which  most  progress 
will  be  made  in  the  bacteriology  of  the  near  future.^ 

Diastase  is  a  soluble,  or  unorganised,  ferment,  which  is  developed 
in  the  process  of  malting.  In  this  process,  barley  is  steeped  in  water, 
renewed  daily,  for  72  to  96  hours.  The  water  is  drained  off,  and  the 
barley,  placed  on  the  malting  floor,  is  freely  exposed  to  the  air  (a 
uniform  temperature  being  however  maintained)  for  10  or  12  days, 
the  longer  period  being  necessary  in  cold  weather.  This  encourages 
the  barley  to  sprout.  The  developing  grain,  now  known  as  malt,  is 
gradually  dried  for  three  or  four  days,  and  then  heated  to  170°  to 
190°  P.  for  several  hours,  to  check  further  sprouting,  and  subsequently 
kill  the  young  plant.  The  germination  of  the  grain  gives  rise  to  the 
formation  of  the  ferment  diastase.  The  malt  is  crushed  to  form 
'  grist,'  and  this  is  thoroughly  mixed  with ^ hot  water  in  a  '  mash-tun.' 
The  mash  resulting  is  kept  at  150°  P.  Under  these  circumstances 
the  diastase  reacts  upon  the  starch  present,  converting  it  very  rapidly 
into  dextrine  and  malt-sugar  (maltose).  The  soluble  products  are 
extracted  from  the  mash  with  hot  water,  and  form  what  is  caUed 
wort,  from  which  beer  is  made  (p.  61). 

Invertin  is  a  soluble,  or  unorganised,  ferment,  occurring  in  the 
succus  entericus,  and  also  formed  during  the  metabolism  of  yeast 

'  Por  some  of  the  experimental  results  so  far  obtained,  the  reader  may  be  referred 
to  The  Fe.rmcnt  Treatment  of  Cancer  and  Tuberculosis,  by  Horace  Manders, 
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cells.  It  has  the  power  of  inverting  cahe  sugar,  sphtting  it  into 
dextrose  and  levulose. 

Cane  sugar.         Water.         Dextrose.  Levulose. 

This  action  of  invertin,  apart  from  that  of  the  yeast  cells  proper 
can  be  ascertained  by  using  the  filtrate  from  a  mixture  of  yeast  cells 
ground  up  with  sand  and  water,  then  subjected  to  a  pressure  of  500 
atmospheres,  and  passed  through  a  Berkefeld  filter,  the  filtrate  ' 
being  free  from  yeast  cells  ;  or  such  a  mixture  may  be  heated  to  60°  C, 
or  treated  with  ether,  either  process  sufficing  to  kill  the  yeast  cells,' 
leaving  the  soluble  invertin  as  active  as  ever. 

Invertin  has  no  power  to  convert  levulose  into  dextrose  ;  but  the 
yeast  cells  can  do  so,  and  then  both  this  and  the  dextrose  originally 
formed  by  the  invertin  from  the  cane  sugar  can  undergo  alcohohc  fer- 
mentation, as  the  result  of  the  vital  activity  of  the  yeast  cells  themselves. 

C,H,,0„  =  2C2HeO  +  2CO2 

De.\trose.  Alcohol.       Carbonic  acid. 

Rennet,  from  which  a  milk-curdhng  enzyme  or  ferment  is 
extracted,  is  the  lining  membrane  of  the  stomach  of  a  young  calf, 
removed  immediately  after  death.  On  the  addition  of  salt  and  water' 
the  enzyme  can  be  dissolved  out  in  the  form  of  an  extract.  A  httle 
alcohol  added  to  it  prevents  decomposition,  and  does  not  destroy  its 
properties. 

Cheese. — Eennet  is  used  extensively  in  the  manufacture  of  cheese, 
&c.,  the  casein  of  the  milk  being  coagulated  to  form  a  clot  or  curd, 
from  which  the  liquid  portion  of  the  milk,  or  tohey,  is  squeezed 
out. 

Besides  casein,  the  chief  albuminoid  constituent  of  milk,  cheese 
contains  the  greater  part  of  the  cream  or  fatty  element,  and  much 
of  the  mineral  ash.  The  fermentation  set  up  by  the  addition  of  the 
rennet  extract  does  not  cease  when  the  casein  is  precipitated  from 
the  milk,  but  is  carried  on  in  the  cheese  •  during  the  period  of  its 
ripening  or  mellowing,  in  which  the  Bacilhis  amylohacter  is  said  to 
play  a  very  important  part.  This  organism,  known  to  be  the  chief 
organised  ferment  producing  butyric  acid  fermentation  (see  p.  68), 

'  Buchner,  to  whom  we  owe  this  experiment,  concludes  that  the  '  fermentative 
power  of  the  expressed  juice  is  embodied  in  a  soluble  enzyme-like  substance  isolated 
from  the  living  cell-plasma,  undoubtedly  an  albuminoid,'  which  he  terras  zymase. 
For  further  details,  see  p.  140,  Jorgensen's  Micro-organisms  and  Fermentation, 
1900. 
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has  been  proved  to  exist  very  commonly  in  the  stomach  of  ruminants, 
and  to  possess  the  power  of  coagulating  milk.  The  casein  is  pre- 
cipitated, and  the  unorganised  ferment,  or  enzyme,  associated  with 
the  baciUus  then  peptonises  and  liquefies  the  curd.  The  resulting 
products  break  down  into  still  simpler  substances,  leucin,  tyrosin, 
ammonia,  &c.  And  almost  identical  changes  have  been  shown  by 
Duclaux  to  be  brought  about  by  means  of  an  organism  (similar  m 
many  respects  to  B.  amylobacter)  known  as  the  Tyrothrix  bacillus, 
acting  on  unripe  cheese,  the  ripe  cheese  containing  substances  derived 
from  the  further  breaking  down  of  the  peptonised  casein  (Sims 
Woodhead). 

Incidentally,  it  may  here  be  mentioned  that  the  characteristic 
flavour  of  certain  well-known  cheeses,  Gorgonzola,  Gruyere,  &c.,  has 
been  found  by  Olsen,  of  Norway,  and  others  to  be  associated  with  the 
presence  of  a  special  organism  in  each  case.  This  fact  is  said  to  have 
been  turned  to  practical  account,  for  the  experimental  production  of 
any  particular  variety  of  cheese  desired,  by  the  addition  of  the  appro- 
priate organism  to  sterilised  milk. 

II.  Organised  ferments. — The  most  important  fermentation  pro- 
duced by  an  organised  ferment  is  that  cau.sed  by  the  yeast  plant,  Sac- 
charomyces  cerivisics,  when  in  contact  with  a  sugary  solution.  Alcohol 
and  carbonic  acid  are  the  chief  resulting  products,  though  small 
quantities  of  succinic  acid,  glycerine,  and  other  substances  are  also 
formed. 

Brewing. — In  the  manufacture  of  beer,  wort,  prepared  in  the  way 
described  on  p.  69,  is  boiled  with  hops  for  two  hours,  the  hops, 
besides  giving  an  aromatic  taste,  exerting  a  preservative  action. 
It  is  allowed  to  cool  to  about  16°  C,  and  then  passed  from  the 
refrigerator  to  the  fermenting  tun.  Beer  yeast  {S.  cerivisice)  is  then 
added,  and  fermentation  at  once  sets  in.  The  temperature  may  rise 
by  two  or  three  degrees. 

As  the  yeast  multiphes,  bubbles  of  CO2  gas  rise  to  the  surface, 
together  with  a  brownish-yellow  scum,  which  gradually  increases  in 
size.  This  scum,  which  is  made  up  of  very  actively  multiplying  yeast 
cells,  is  removed,  and  may  be  used  for  fermenting  a  second  quantity 
of  the  wort.  The  special  yeast  used  in  this  process,  from  its  rising 
to  the  surface,  is  the  type  of  what  is  known  as  a  '  high '  or  '  top  ' 
yeast.  The  temperature  for  this  '  high  '  or  '  top  '  fermentation,  though 
only  about  that  of  the  air,  is  considerably  higher  than  that  required 
in  the  other,  or  '  low '  or  '  bottom  yeast '  fermentation,  viz  from 
4°  to  5°  C. 

In  '  low  fermentation,'  weU  illustrated  in  the  manufacture  of  the 
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lighter  ('  Lager ')  beers,  carried  on  so  extensively  in  Munich,  Copen- 
hagen, &c.,  similar  changes  are  produced  more  slowly,  taking  on  an 
average,  about  a  fortnight,  and  the  temperature  is  kept  down  to  4°  to 
5°  C.  Alcohol  and  carbonic  acid  are  produced,  as  in  the  case  of 
high  fermentation,  but  the  yeast  falls  to  the  bottom  instead  of  rising 
as  a  scum  to  the  surface. 

Beer  sometimes  acquires  a  sour  or  bitter  taste,  or  becomes  muddy 
or  assumes  different  tints-red,  yellow,  green,  &c.  These  diseased 
conditions  are  brought  about  by  different  organisms,  all  of  them  being 
acid-forming. 

Wine  results  from  the  fermentation  of  grape  juice,  which,  in  its 
unfermented  condition,  is  called  vmst.  As  in  the  manufacture  of 
beer,  the  sugar  present  is  split  up  into  alcohol,  carbonic  acid,  &c. 
The  ferment  exists  in  the  epidermis  or  skin  of  the  grape,  to  which  it 
is  conveyed  in  the  form  of  spores  by  the  wind.  It  is  a  yeast  much 
like  those  already  described,  and  is  known  as  Saccharomyces  ellip- 
soicleus  I. 

Pasteur  showed  that  certain  diseases  attacking  wines  are  due  to 

definite  micro-organisms.  Trouessart's  account  of  these  diseases  and 
the  associated  ferments  may  be  summarised  as  follows  :  ' 

(a)  Mouldy,  or  flowered,  wine,  in  which  the  white  skin  formed  on 
the  surface  is  composed  of  a  mass  of  yeast  cells,  the 
Saccharomyces  mycoderma,  or  Mycoderma  vini. 

ih)  Acidity,  or  sourness,  ofivine,  is  due  to  the  presence  of  the  Myco- 
derma aceti,  the  so-called  '  mother  of  vinegar,'  a  minute 
bacillus  arranged  in  chains,  curved  rods,  or  figures  of 
eight,  and,  as  already  mentioned,  the  common  cause  of 
acetic  acid  fermentation  (p.  67). 

(c)  Over-fermented  ivine,  when  the  wine  is  said  to  have  'turned:' 
This  disease  is  called  by  the  French  jpousse,  and  the  wine 
vin  poussd,  or  vin  hleto,  from  the  spurting  {pousse)  of  the  wine 
which  occurs  on  tapping  a  cask,  and  the  numerous  minute 
bubbles  seen  on  the  surface  when  poured  into  a  glass,  together 
with  the  discoloration,  bluish  or  reddish,  and  turbidity, 
characteristic  of  this  affection.  It  is  caused  by  very  slender 
vibrios,  or  curved  filaments,  the  articulations  of  which  are 
barely  visible. 
It  is  a  disease  attacking  wines  of  inferior  quality. 


'  For  further  information  and  illustrations,  refer  to  Trouessart's  excel- 
lent monograijh  on  Microbes,  Ferments,  and  Moulds,  International  Scientific 
Series. 
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(d)  Bopiness,  or  viscosity,  affects  principally  white  wines,  and  espe- 

cially champagne,  the  consistency  of  which  then  resembles 
that  of  white  of  egg.  It  is  due  to  small  cocci,  arranged  in 
chains,  which  form  a  dense  mycelium  or  feltwork. 
When  introduced  into  a  solution  of  cane-sugar,  this  organism 
first  converts  it  into  dextrose  and  levulose,  and  then  the 
liquid  becomes  viscous  or  oily  from  further  changes,  result- 
ing in  the  formation  of  gum  and  mannite  {mannitic  fermen- 
tation). 

(e)  Bitterness  chiefly  affects  the  better  brands  of  red  wines,  and  is 

due  to  bacilli  in  the  form  of  distinctly  articulated,  curved,  or 
bent,  filaments,  which  are  often  seen  in  the  deposit  from  the 
wine  to  be  encrusted  with  colouring  matter,  and  mixed  up 
with  crystals  of  tartar. 
Bread. — During  the  manufactm^e  of  bread,  the  starch  and  sugar 
of  the  flour  are  acted  upon  by  the  yeast  added,  and,  amongst  other 
products  of  fermentation,  alcohol  and  carbon  dioxide  are  formed. 
One  of  the  most  important  constituents  of  flour  is  glttten,  which  in 
the  presence  of  moisture  rapidly  undergoes  putrefactive  changes, 
Hberating  an  enzyme  which  starts  fermentation  in  the  starch  present, 
thus  materially  assisting  the  action  of  the  added  yeast.    The  other 
chief  function  of  gluten  is  by  its  '  stickiness '  to  bind  together  the 
moistened  flour,  so  as  to  prevent  the  escape  of  the  carbon  dioxide 
gas  before  it  has  '  raised '  the  dough  and  so  made  the  bread  light  and 
spongy.    The  effect  of  baking  is  to  prevent  further  fermentative 
changes,  by  killing  \the  ferment,  and  to  drive  off  the  alcohol  and 
carbonic  acid  gas  produced. 

The  agent  employed  to  raise  the  flour  is  either  ordinary  hreiuers' 
yeast,  or  German  yeast,  which  is  compressed  and  partially  dried 
brewers'  yeast.  Leaven,  which  is  still  used  in  some  remote  country 
districts,  is  merely  some  of  the  fermenting  dough  kept  over  from  a 
previous  baking.  When  brought  into  contact  with  fresh  dough,  it 
speedily  sets  up  the  fermentative  changes  already  described. 

Certain  diseases  or  forms  of  unsoundness  occurring  in  bread  are  due 
to  micro-organisms.  '  Bleeding  bread '  (see  B.  procligiosus,  p.  38) 
has  already  been  mentioned.  Sticky  reddish-brown  patches  have 
been  found  associated  with  the  presence  of  the  potato  bacillus 
{B.  mesentericus  vulgatus),  &c.  Moulds  of  various  kinds  have  also 
been  described  as  causes  of  unsound  bread. 
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LESSON  X 

PUTREFACTIVE  ORGANISMS — PUTREFACTION 

The  organisms  of  putrefaction. 

A.  Proteus  vulgaris. 

I.  Cidtivations  :  (i)  Gelatine  stab.  ' 

(ii)  Gelatine  plates  (use  6  p.c.  nutrient  gelatine). 
Examine  the  plates  after  a  few  hoicrs'  incubation,  with  the  §rd  inch 
objective.    Observe  movements  of  individual  bacilli  before  lique- 
faction has  become  obvious. 

II.  Stad7i  a  coverslip  preparation  with  carbol-fuchsin. 

B.  Proteus  Zenkeri. 

I.  C^bU^vations  :  (i)  Gelatine  stab.     Note  that  the  gelatine  is, 

practically,  not  liquefied  at  all. 

(ii)  Gelatine  streak. 

(iii)  Agar-agar  plates  ^  (p.  25). 

II.  Stain  a  coverslip  with  carbol-fuchsm. 

III.  Examine  the  plates  daily  with  §rd  inch  objective ;  and 
when  the  very  characteristic  colonies  have  developed  make  im- 
pression  preparationa  (p.  31),  and  stain  with  carbol-fuchsin. 

Proteus  vulgaris,  Proteus  Zenkeri.— These  two  bacilh  are  types 
of  a  class  of  organisms  which  cause  putrefaction — a  term  used  to 
describe  a  series  of  chemical  changes  allied  to  those  of  fermentation, 
and  referred  to  again  in  the  present  chapter  (p.  67). 

They  were  first  isolated  from  putrid  meat,  but  are  found  in  many 
places  where  putrefaction  is  occurring  ;  for  instance,  members  of  this 
class  are  found  in  the  alimentary  canal,  and  after  death  rapidly 
spread  into  all  the  tissues  of  the  body.  In  sputum  from  cases  of 
dilated  bronchi,  bronchiectatic  cavities,  and  abscesses  of  the  lung, 
characterised  by  very  foetid  expectoration,  long  thread-like  forms  of 
putrefactive  organisms  are  present,  often  in  large  quantities.  They 
generally  remain  stained,  when  treated  by  Gram's  method. 

The  term  Proteus  serves  to  indicate  the  great  differences  in  length 
which  may  be  met  with,  the  organisms  being  sometimes  short  and 
cocci-like,  or  short  rods,  or  long  filaments. 

'  Gelatine  plates  would  do  equally  well,  but  this  is  a  convenient  and  harmless 
bacillus  to  practise  making  agar-agar  plates  with,  before  going  on  to  do  so  with 
more  virulent  organisms. 
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Proteus  vulgaris. —Besides  being  seen  in  the  places  already  men- 
tioned, the  Proteus  vulgaris  has  been  found  in  sewage  water,  and  in 
urine  in  cases  of  cystitis  (Krogius,  quoted  by  Frankland).  Subcu- 
taneous injection  into  guinea-pigs  and  rabbits  produces  suppuration. 

Cultivations.  —  Gelatine  stab. — The  gelatine  is  liquefied  rapidly, 
the  upper  layers  being  of  a  greyish  white  tint,  while  an  opaque 
white,  flocculent  growth  is  seen  at  the  bottom  of  the  tube. 

Gelatine  plates. — The  colonies  are  very  variable  in  outline,  being, 
for  the  most  part,  more  or  less  spindle-shaped,  with  numerous 
branches  ramifying  in  various  directions  and  terminating  in  bulbous 
processes.  These  branches  are  known  as  '  sioarmers'  or  '  sioarming 
islets  '  (lig.  40),  and  impression 
prepai'ations  '  show  them  to  con- 
sist of  numerous  rod-shaped  or- 
ganisms, lying  parallel  with  one 
another  in  long  wavy  columns, 
which  at  their  free  extremities  coil 
up  to  form  the  bulbous  processes. 
Between  these  elongated  colonies 
more  chcular  ones  are  seen  at  an 
early  stage  of  growth,  liquefaction 
occurring  rapidly.  They  may  as- 
sume a  craggy,  irregular,  appear- 
ance, owing  to  central  hquef action, 
the  growth  being  of  a  greyish 
white  tint. 

The  growth  on  agar-agar  and  j^otato  is  moist  and  of  a  dirty 
greyish-white  tint. 

Under  the  microscope,  rod-shaped  organisms  are  seen,  varying  in 
length  from  1  to  4 /i,  and  being,  on  an  average,  about  0-5  wide. 
They  may  be  slightly  curved,  and  very  long  involution  forms  may  be 
present.  They  are  very  motile ;  spore  formation  is  not  known.  It 
is  decolourised  by  Gram's  method. 

Proteus  Zenkeri  is  found  in  putrefying  animal  matter,  and  in  water. 

Cultivations.— GeZa^me  stab.~k  fine  branched  growth  spreads 
from  the  track  of  the  needle.  Liquefaction  of  the  medium  only 
slowly  occurs. 

Gelatine  streak.— A  very  characteristic,  finely  branching,  almost 
transparent  growth  is  seen.  Thedehcate  branches,  spreading  laterally 
from  the  original  streak,  are  curved,  often  with  their  concavity 

'  n^ade  early  the  day  after  the  plates  have  been  poured, 

account  of  the  liquefaction  of  the  gelatine. 


-PKOTEtIS  VULGAKIS.      X  530 
Impression  preparation  from  agar-agar  plate 
tliree  days  old.  Typical  '  swr.rmers '  are  shown. 
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upwards,  presenting  an  appearance  which  has  been  compared  with 
that  of  a  pine  tree.  (See  fig.  41,  in  the  upper  portion  of  which  some 
of  the  branches  make  a  sweeping  curve  downwards,  and  have  their 

convexity  upwards.) 

Gelatine  plates. — Tlie  colonies 
when  seen  by  the  naked  eye  look 
like  little  pieces  of  fluff,  which 
are  often  mistaken  for  moulds. 
Under  a  loic  power  of  the  micro- 
scope they  are  seen  to  be  of  a 
light  yellowish  or  greenish  yellow 
tint,  of  an  elongated  shape,  with  a 
denser  oval  or  circular  portion,  from 
which  spring  branches,  passing  in 


Fig.  42. — pkoteus  zenkeei.     x  530 
Impression  preparation  from  agar-agar  plate  tliree 
days  olil.    Typical  '  swarmers '  are  shown. 

all  directions.  Many  of  these 
branches  are  characteristically 
beaded,  others  are  distinctly  spiral, 
and  most  join  up  with  similar 
branches  from  neighbouring  colo- 
nies.  Between  the  larger  ones  there 
are  discrete  colonies,  showing  three 
or  four  branches  which  are  coiled 
and  may  terminate  in  a  bulbous  ex- 
tremity. Impression  preparations 
(ficr  42)  of  the  colonies  show  that 

fey  -  -ae  up 

known  as  '  sivarmers,  as  m  tne  cabe  ui  j.  ■  j 


Fig.  41. — pkoteus  iSENKEBi. 
Gelatine  streak  three  days  old. 
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made  up  of  bacilli  which  are  concentrically  arranged  in  the  bulbous 
extremity.  No  hquefaction  of  the  gelatine  occurs  at  first,  and  even 
after  a  considerable  time  it  is  but  shghtly  marked.  The  organism 
is  motile ;  no  spore  formation  is  known. 

Under  the  microscope,  every  variety  of  shape  is  met  with,  cocci, 
diplococci,  short  rods  and  longer  ones,  threads,  and  involution 
forms.  Impression  preparations  (fig.  42)  show  the  typical  grouping, 
and  there  is  great  variation  in  the  length  of  the  organism. 

Both  varieties  of  Proteus  just  mentioned  exhibit  a  pecuhar 
phenomenon  when  plates  are  made  with  5  per  cent,  nutrient  gelatine. 
At  quite  an  early  stage  of  incubation,  a  matter  of  a  few  hours  only, 
and  before  liquefaction  is  visible,  the  bacilli  themselves  can  be  seen 
to  be  in  active  motion.  As  Crookshank  points  out,  there  probably  is 
really  a  thin  layer  of  liquefaction.  Such  motility  is  not  observable  if 
10  per  cent,  gelatine  is  employed. 

Proteus  mirabilis. — This  is  another  variety  of  the  Proteus  found 
in  putrefying  animal  matter  and  water,  and.  it  appears  to  occur  not 
infrequently  in  milk,  where  the  long  involution  forms,  often  ter- 
minating in  spindle-shaped  swellings,  are  very  characteristic.  The 
ordinary  bacilli  are  variable  in  length  and  shape,  being  sometimes 
round,  and  sometimes  very  thick  rods  with  rounded  ends.  The 
organism  is  motile  ;  no  spores  are  formed. 

Cultivations. — Gelatine  stab. — A  dense  white  layer  of  growth, 
circular  in  outline,  forms  on  the  surface  of  the  medium.  The  lique- 
faction of  the  gelatine  is  not  so  rapid  as  in  the  case  of  P.  vulgaris. 

Gelatine  ])late. — The  colonies,  white  to  the  naked  eye,  under  the 
lower  power  of  the  microscope  appear  brownish-white,  circular,  or 
oval,  and  finely  granular.  The  outline  is  wavy  ;  and  from  it,  branches 
pass  outwards  into  the  surrounding  medium,  presenting  much  the 
same  appearance  as  is  seen  in  the  case  of  P.  molgaris.  When  plates 
are  made  with  5  per  cent,  nutrient  gelatine,  the  pecuhar  movement  of 
the  baciUi,  already  described  in  the  case  of  P.  vulgaris,  &c.,  can  be 
observed  under  the  low  power  of  the  microscope  before  the  onset  of 
liquefaction  becomes  obvious. 

Putrefaction 

Putrefaction  is  the  term  used  to  cover  a  series  of  changes  similar 
to  those  of  fermentation  (p.  57)  by  which  complex  organic  bodies 
are  reduced  to  simpler  chemical  su.bstances— changes  which  in  the 
case  of  putrefaction  occur  after  hfe  has  become  extinct. 

Putrefaction  has  therefore  been  defined  as  putrid  fermentation,  or 
the  fermentation  of  dead  organic  matter.    The  decomposition  under 
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such  circumstances  is  associated  with  the  formation  of  characteristi- 
cally offensive  by-products. 

Fermentation  is  caused  by  yeasts  ;  putrefaction  by  bacteria,  e.g. 
Proteus  vulgaris,  &c. 

The  breaking  down  of  complex  into  simpler  organic  bodies,  effected 
by  decomposition,  occurs  in  definite  stages,  each  brought  about  by  a 
distinct  set  of  organisms.  Thus  the  peculiar  waxy  change  {Adipocere), 
seen  in  bodies  interred  in  very  moist  burial  grounds,  has  been 
ascribed  to  a  special  group  of  these  agents. 

Nitrogenous  organic  compounds  may  in  this  way  be  de-nitrified, 
or  reduced  to  the  inorganic  substance  ammonia  and  its  compounds. 

Under  certain  circumstances,  in  the  presence  of  lime,  potash,  or 
other  similar  bases,  nitrogenous  organic  bodies,  e.g.  ammonia  and 
its  compounds,  may,  however.,  be  converted  into  the  corresponding 
nitrites  and  nitrates  of  calcium,  potassium,  &c. 

Such  a  change,  known  as  Nitrificatioii,  is  of  the  greatest  prac- 
tical importance — since  it  is  to  it  we  owe  the  vast  nitrate  beds  of 
Chili  and  Peru,  &c.  It,  also,  is  due  to  a  special  group  of  saprophytes, 
the  nitrifijing  organisvis,  to  which  reference  will  again  be  made. 

Plants  derive  a  large  proportion  of  their  nitrogen  from  the 
nitrates  formed  in  this  way.^  So  that  whilst  putrefaction  is  a 
breaking  down,  nitrification  must  be  looked  upon  as  the  beginning  of 
a  building-up  process. 

In  the  superficial  layers  of  the  soil,  the  putrefactive  bacteria 
thrive  in  oxygen,  i.e.  they  are  aerobic,  whilst  deeper  down  they 
are  anaerobic.  These  deeper-lying  anaerobes,  though  not  them- 
selves thriving  in  oxygen,  in  some  cases  have  the  faculty  of 
seizing  it  from  any  oxygen-containing  substance  percolating  down- 
wards from  above.  This  fresh  supply  of  oxygen  is  then  passed  on 
to  any  decomposing  material  present,  and  so  putrefaction,  which  is 
essentially  an  oxidising  process,  is  hurried  on. 

Accordingly,  the  deeper  we  descend  the  less  the  nutrient  material 
left  in  the  soil,  which,  so  far  as  organisms  are  concerned,  is  found  to 
be  sterile  at  the  depth  of  about  12  feet,  varying,  however,  with  the 

'  Eeference  must  here  be  made,  however,  to  the  highly  important  discovery 
in  1886  that  the  nodules  found  on  the  roots  of  many  of  the  Leguminosfe  (peas, 
beans,  cfec.)  are  really  due  to  the  invasion  of  the  latter  by  certain  soil  bacteria, 
special  to  each  kind  of  plant.  These  have  a  remarkable  capacity  for  fixing  free 
nitrogen  from  the  air.  Once  parasitic  in  the  root,  they  give  rise  to  these  nodules 
(cf.  the  formation  of  oak-galls),  and  then  multiply  rapidly.  The  contents  of  the 
nodules  become  absorbed,  with  apparent  invasion  of  the  plant  cell  by  the  bacteria. 
That  the  associated  rapid  growth  of  the  plant  is  not  accidental  has  been  proved 
experimentally  by  means  of  pure  cultures. 
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nature  of  the  soil,  moisture,  temperature,  &c.  Cultivated  soil,  pos- 
sessing more  organic  matter  than  similar  uncultivated  ground, 
contains  more  bacteria,  and  these  also  extend  to  a  greater  depth.  But 
below  the  first  18  inches  the  number  of  soil  organisms  falls  off  very 
rapidly  (Sims  Woodhead). 

Nitrification  and  the  nitrifying  organisms— The  process  of 
nitrification  has  already  been  referred  to,  in  connection  with  that  of 
putrefaction  (see  p.  68). 

The  nitrifying  organisms  have  been  studied  by  Winogradsky, '  and 
by  Frankland.-  The  name  Nitro-monas  was  given  by  the  former  to 
the  chief  member  of  the  group.  It  has  the  remarkable  property  of 
thriving  actively  in  solutions  absolutely  free  from  organic  matter,  and 
is  said  to  be  capable  of  deriving  its  necessary  carbon  from  carbonic 
acid.  To  isolate  the  organisms  Winogradsky  selected  a  medium  con- 
taining no  organic  material.  Ordinary  soil  bacteria  rapidly  die  out, 
so  that  only  the  nitrifying  organisms  are  left  behind. 

Winogradsky' s  formula  is  : 

Ammonium  sulphate  1  gramme. 

Potassium  phosphate  .       .  ■      .       .       .    1  „ 
Sterile  distilled  water   1,000  cc. 

The  following  method  is  then  to  be  adopted.  Place  100  cc.  of 
the  above  mixture  in  a  series  of  flasks,  and  pour  in  a  suspension  of 
basic  magnesjum  carbonate  (0"5  to  1  gramme,  in  a  little  distilled 
water),  so  as  to  form  a  bed  of  magnesium  carbonate  at  the  bottom  of 
the  flasks.  Sterilise  by  boiling ;  now  inoculate  one  of  them  with  a 
minute  quantity  of  the  soil.  After  four  or  five  days  a  small  portion  is 
withdrawn  by  capillary  pipette  from  over  the  surface  of  the  layer  of 
magnesium  carbonate,  and  transferred  to  a  second  flask  ;  and  similarly 
after  four  or  five  days  to  a  third  flask,  and  so  on.  The  nitrifying 
organisms,  which  eventually  alone  survive,  remain  as  almost  trans- 
parent films  attached  to  the  granules  of  magnesium  carbonate  at  the 
bottom  of  the  flask  (Abbott). 

Failing  to  grow  them  on  the  ordinary  media,  aerobically  or 
anaerobically,  Winogradsky  has  also  invented  a  solid  medium  for 
the  cultivation  of  these  organisms,  a  kind  of  mineral  gelatine.  It  is 
made  by  adding  to  a  watery  solution  of  sihcic  acid  a  mixture  of 
certain  salts  — sulphates  of  ammonium  and  magnesium,  chloride  and 
phosphate  of  calcium,  and  carbonate  of  sodium.  For  details,  the 
reader  is  referred  to  the  very  interesting  account  given  in  Abbott's 
'  Principles  of  Bacteriology,'  or  to  the  numerous  papers  by  Wino- 
gradsky already  quoted. 

'  Winogradsky  :  Annalesde  Vlnstitut  Pasteur,  for  1890, 1891  (numerous  papers). 
-  Eefer  to  Prankland's  Onr  Secret  Friends  cmd  Foes. 
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Under  the  microscope,  the  Nitromon,as  is  seen  as  short,  oval, 
often  almost  spherical,  non-motile  cells,  arranged  singly,  or  in  zooglcea 
masses.  Multiphcation  occurs  by  fission ;  spore  formation  is  not  known. 

The  Nitromonas  is  found  in  the  superficial  layers  of  the  soil 
everywhere,  but  certain  places  seem  particularly  favourable  to  its 
growth.  Thus  in  Peru  and  Chili  there  are  immense  beds  of  nitrates 
produced  from  the  ammoniacal  guano,  or  excrement  of  sea-fowls,  as 
the  result  of  the  activity  of  these  nitrifying  organisms. 

Similar  processes  of  decomposition  and  nitrification  occur 
in  sewage  allowed  to  filter  through  the  soil  in  a  sewage  farm. 
Chiefly  on  account  of  the  presence  of  these  nitrifying  organisms 
Dr.  G.  V.  Poore  has  long  and  ably  advocated  (in  his  '  Eural  Hygiene,' 
and  elsewhere)  '  the  disposal  of  faeces  and  urine,  as  well  as  of  dead 
bodies,  by  burial  beneath  the  superficial  layers  of  cultivated  soil. 


LESSON  XI 

MOULDS 

A.  Penicilium  glaucum     B.  Aspergillus  niger     C.  Mucor  muceda 

I.  Make  cultivations  of  A,  B,  and  C  on 

(i)  Gelatine  stab.  (ii)  Agar-agar  streak, 

(iii)  Potato  (keep  at  the  temperature  of  the  room). 

II.  Make  coverslix)  preparations.    These  require  special  methods. 

A.  Penicilium  glaucum  contains  so  much  fatty  material  in  its 
mycelium  that  the  best  way  to  mount  it  is  as  foUow's  : 

By  means  of  a  loop  or  hook  of  platinum  ware  some  of  the  culture 
is  transferred  to  a  clean  watch-glass,  and  covered  by  another  till 
required  for  use.  From  this  a  small  fragment  is  taken  by  means  of 
the  platinum  wire  or  fine-pointed  forceps,  and  placed  in  a  watch-glass 
containing  two  or  three  drops  of  Uq.  ammonige  in  strong  methylated 
spirit.  The  fat  is  extracted  to  some  extent  after  some  five  to  ten 
minutes'  soaking,  and  the  fragment  is  then  gently  transferred  to  a  drop 
of  glycerine  on  a  slide,  and  covered  with  a  covershp. 

To  stain  the  preparation,  Loffler's  methylene  blue  may  be  allowed 
to  diffuse  beneath  the  coverslip,  over-night. 

If  glycerine  is  used,  the  coverslip  should  be  sealed  down  by  paint- 
ing the  edges  with  freshly  melted  paraffin.  Glycerine  jelly  may  be 
conveniently  substituted  for  glycerine,  and  it  is  best  appKed  after 
melting  it  thoroughly  in  some  hot  water.  When  quite  liquid,  a  small 

'  A  discussion  of  this  question  is  to  be  found  in  the  Transactions  of  the  Boyal 
Medico-Chirurgical  Society  for  1897. 
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quantity  is  placed  on  the  clean  slide,  the  mycelium  (after  maceration 
in  the  ammoniated  spirit,  in  the  way  described)  is  transferred  with  fine 
forceps  to  the  centre  of  the  jelly,  and  the  covershp  then  applied. 
The  glycerine  jelly  sets  fairly  firmly  after  some  days,  but  it  is  safer  to 
seal  the  edges  of  the  coverslip  by  painting  them  over  with  melted 
paraffin.  If  desired,  a  Httle  Loffler's  blue  may  be  dropped  on  to  the 
jelly  whilst  still  liquid,  so  as  to  stain  the  preparation. 

B.  and  C.  For  AspergiUus  niger,  Mucor  muoedo,  and  similar 
moulds,  proceed  as  follows  : 

Some  of  the  growth  is  removed  from  the  culture-tube  by  means 
of  a  platinum  loop  or  hook.  It  may  be  kept  between  two  watch-glasses 
till  required.  With  fine  forceps  a  few  filaments  are  taken  up  and 
transferred  to  a  drop  of  melted  glycerine  jelly  placed  in  the  centre  of 
a  slide.  Apply  the  coverslip,  and  seal  the  edges  with  melted  paraffin. 
In  the  case  of  the  Meteors,  Loffler's  blue  may  be  dropped  into  the 
melted  glycerine  jelly.  If  glycerine  be  used  instead  of  glycerine  jelly, 
the  stain  may  be  allowed  to  diffuse  under  the  covershp  over-night. 

N.B.  In  the  case  of  Aspergillus,  it  is  essential  that  quite  a  young 
culture  be  used,  whilst  it  is  still  white,  before  spore  formation  h^s 
made  much  progress.  Otherwise  the  structure  of  the  conidiophores 
will  be  completely  obscured  by  black  spore-masses. 

Moulds 

Penicilium  glaucum. — This  is  the  commonest  of  all  moulds,  and 
must  be  famihar  to  every  one  as  a  fluffy  white  growth,  which  becomes 
either  bluish  or  greenish,  and  may  be  covered  with  drops  of  a  dew- 
like fluid.  The  change  from  white 
to  blue  or  green  indicates  the 
formation  of  spores. 

Cultures.  —  Gdatine  s  tab .  —  A 
thick  scum  is  formed  on  the  surface 
of  the  medium,  which  is  liquefied 
in  a  short  time.  The  surface  of  the 
scum  is  at  first  white,  fine  hairs 
proceeding  horizontally,  and,  also, 
in  a  radiating  fashion  from  the 
centre  of  the  colony  downwards  into 
the  medium.    The  colour  changes 

to  a  blue,  or  a  bluish-green,  in  the  course  of  a  day  or  two.  On  agar- 
agar  and  potato  similar  changes  are  seen,  except  for  the  liquefaction. 

Under  the  microscope,  a  mycelium  is  seen,  from  which  branches 
or  hyyhm  extend.    These  hyphae  split  up  into  a  number  of  finger-like 


Cdiiidia 
Stei'i{.mata 

Basidia 


Hypli 


£ — •  llycelium 


Fig.  43. — penicilium  glaucum.     x  400 
(Solienk,  alter  Baiimgarten.) 
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processes,  ov  basidia  consisting  of  cylindrical  cells,  splitting  up  into 
blanches,  o^led  stengmata,  ^vhich  in  turh  break  up  into  rounded  or 
oval,  spore-hke  bodies,  or  conidia,  which  are  of  a  bluish  or  greenish 
colour  At  first  these  conidia  are  closely  connected,  but  eventually 
separate  from  one  another,  and  so  become  scattered  far  and  wide 

Aspergillus  niger.-This  organism  occurs  on  bread,  and  several 
species,  A.  Jtcmzgatus,  A.  flavus,  &c.,  have  been  found  saprophytic  and 
sometimes  definitely  parasitic  and  pathogenic,'  in  man-e  the 
external  and  middle  ear,  lungs,  kidneys,  &e. 

Cumve8.-Gelatine  stab.~A  white,  dense,  felt-like  growth  appears 
at  first  with  liquefaction  of  the  subjacent  medium.  In  a  day  or  so 
mmute  black  points  are  visible,  indicating  the  formation  of  spores 
The  white  growth  then  becomes  almost  entirely  bkck.  This  appear- 
ance is  especially  well  marked  on  potato,  the  white  colour  of  this 
medium  appearing  in  sharp  contrast  to  the  dead-black  growth 

Under  the  microscope,  the  mycelium  is  seen  to  be  jointed,  the 
club-shaped  head  or  extremity  of  one  joint  fitting  into  the  concave 

end  of  the  next.  Branches  are 
given  off  at  fairly  regular  intervals  ; 
the  appearance  generally  is  very 
like  that  of  bamboo. 

From  the  mjcelmm,  fruit  liypha 
proceed  upwards  into  the  air. 
These  consist  of  elongated  cells, 
the  free  ends  of  which  are  swollen 
up  to  form  a  club-shaped  enlarge- 
ment (fig.  44).  The  conidiophores 
on  the  surface  of  these  club-shaped 
elongated  cells  appear  as 
sha,i:)ed  sterigmata,  from  which  pro- 
ceed spores  or  conidia  which,  hke 
those  of  penicilium,  are  at  first 
adherent  to  one  another,  but  soon  break  loose,  and  are  scattered 
everywhere.  The  flask-shaped  cells  and  the  first  row  of  conidia  are 
not  unlike  a  row  of  skittles ;  but  to  obtain  this  appearance  it  is 
necessary  to  make  a  preparation  while  the  growth  is  still  white, 
before  spore  formation  has  gone  too  far,  otherwise  the  appearance 
is  obscured  by  a  multitude  of  black  spores. 

Mucor  mucedo  is  the  common  white  mould,  and  is  found  on 

'  Such  conditions  are  indicated  by  the  terms  '  Aspergillar  mycosis,'  '  Pneumo- 
mycosis,' &c.  Consult  the  article  on  '  Mycoses,'  by  Professor  J.  Kose  Bradford, 
F.E.S.,  in  Allchin's  Manual  of  Medicine,  vol.  i.,  1900. 


Fig.  44. — Aspergillus  nigeh.    x  420 
(No.  4  ocular  ;  J-iuch  objective.) 
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rotten  fruit,  potatoes,  nuts,  mouldy  bread,  the  excrement  of  horses 
and  other  animals,  &c.  Sleepiness,  the  term  applied  to  the  first  stage 
of  rotting,  so  characteristically  seen  in  pears,  has  been  attributed  to 
the  presence  of  this  mould  by  Davnine. 

Cultivations— CrcZaiJme  stab. — On  the  surface  of  the  medium  a 
dense  mycehal  growth  is  seen,  with  branches  passing  upwards  and 
downwards  :  the  dov;n  growths,  known  as  suh-aerial  liyphce,  extend 
into  the  gelatine,  which  soon  liquefies ;  the  others,  passing  upwards 
into  the  air,  are  called  aerial  liyphce,  which  are  well  compared  with 
'  spun  glass,'  from  their  glistening  appearance.  The  ovoid  upper  ' 
extremity,  or  columella,  of  each  hypha  is  to  some  extent  screened 
from  view  by  a  terminal  rounded  knob,  or  sporangmm,  in  which 
ovoid  spores  develop  under  favourable  circumstances  in  the  course 
of  a  few  hours.  On  rotten  fruit,  for  instance,  the  spores  of  this 
mould  germinate  in  five  or  six  hours  by  introducing  their  hyphse 
through  the  epidermis  (Trouessart). 

There  are  two  other  common  varieties  of  mucor,  M.  corymhifer 

AcicuJai-  crystals  of 
calcium  oxalate 
Sporangium 


Hypha 


Mycelium 


Columella 


Hyplia 


Mycelium 


C'onidia 


Fig.  45. — mucob  mucedo. 
(Sohenk,  after  Baumgarteu.) 


Fig.  46. — oidium  lactis. 
(After  Baumgarteu.), 


and  M.  rhizopodiformis ;  both  occur  on  bread,  the  former  as  a  dense, 
snow-white  gi-owth,  sometimes  seen  in  the  external  auditory  meatus. 
Both  are  pathogenic  when  intravenously  injected  into  rabbits.  M. 
aspergillus  has  dark-brown  spores,  whilst  several  other  varieties  of 
mucor  have  black  sporangia,  e.g.  M.  stolonifer,  M.  phycomyces,  whilst 
M.  spinosus  has  chocolate  sporangia,  and  short  processes,  or  spines, 
on  the  columella  (Crookshank). 

Oidmm  lactis,  one  of  the  common  organisms  producing  sour 
milk,  a  lactic  acid  fermentation,  is  frequently  placed  in  the  same  class 
of  hypho-mycetes,  but  it  does  not  hquefy  gelatine.  There  is  a  mycelium 
formed  of  branching  filaments,  from  which  arise  true  hyphai,  which 
in  turn  end  in  a  chain  of  spores,  or  conidia. 

'  The  coliuiiella  appears  to  form  a  prominence  projecting  into  the  sporangium. 
This  IS  characteristic  of  the  mucors  and  is  of  diagnostic  value. 
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Microsporon  furfiir,  the  organism  of  Pityriasis,  or  Tinea,  versicolor, 
(formerly  called  Chloasma),  a  disease  in  which  there  are  patches  of 
light-brown,  or  fawn-coloured  pigmentation  of  the  skin  over  the 
chest,  abdomen,  thighs,  &c.,  is  probably  identical  with  Oidium  lactis, 
which,  as  mentioned  on  p.  57,  is  thought  to  be  identical,  also,  with 
saccharomyccs  {or  ouliitm)  albicans. 

Oidiimi  albicans,  the  organism  producing  the  white  patches  on  the 
tongue  of  infants  known  as  '  thrush,'  was  formerly  included  amongst  the 
moulds ;  but  there  are  reasons  for  believing  it  to  be  a  yeast,  so  that  it 
is  now  more  generally  known  as  Sacckaromyces  albicans  (see  p.  57). 


LESSON  XIII 
The  moulds  of  ringworm  and  favus 

Culture  media. — All  the  ordinary  media  may  be  used  for  these 
fungi  :  nutrient  broth,  gelatine,  glycerine  agar,  maltose  agar,  potato, 
&c.  Wort  gelatine  and  wort  agar  (p.  8)  are  excellent ;  but,  in  the  case 
of  ringworm,  it  is  better  to  use  the  formula  given  below. 

For  the  organism  of  favus,  wort  agar,  or  glycerine  agar,  may  be 
employed.  Saccharine  bodies,  whilst  favouring  the  growth  of  ring- 
worm organisms,  do  not  assist  the  development  of  that  of  favus.^ 

For  the  organism  of  ringxoorm,  the  medium  preferred  by  Sabouraud 
and  extensively  used  by  him  for  the  differentiation  of  the  varieties  of 
ringworm  fungi,  is  a  maltose  agar,  generally  known  in  England  as 

French,  proof  agar  (Sabouraud's  milieu  cVepreuve). — It  is  made, 
just  like  sugar  agar,  from  the  following  formula : 

Grammes. 

Distilled  water  100 

Peptone  (Chassaing's)  0-7 

Maltose  3-8 

Agar-agar  1'3 

English  proof  agar  is  the  name  given  by  Blaxall  to  a  medium 
made  according  to  the  above  formula,  except  that  the  peptone  was  of 
German  origin  (Witte's),  and  the  pure  maltose  was  obtained  from 
Enghsh  chemists.  The  cultures  obtained  were  excellent  and  easily 
differentiated,  but  they  presented  aj)pearances  quite  unhke  those 
described  by  Sabouraud,  these  being,  however,  at  once  obtained  on 
working  with  the  same  maltose  as  Sabouraud  had  used. 

It  is,  therefore,  absolutely  necessary  in  comparing  the  various 
forms  of  ringworm  fungi  always  to  use  a  medium  made  strictly 

'  This  lesson  may  be  jndicionsly  omitted  by  the  beginner,  though  the  staining 
of  hairs  and  scales  affected  with  ringworm  and  favus,  according  to  the  directions 
given,  should  be  practised,  if  there  is  time.  ^  Eefer  to  pp.  94-95. 


CULTIVATIONS  FROM  EINGWORM  HAIRS  75 

according  to  a  specified  formula,  and  exposed  to  the  same  physical 
conditions-e.g.  dm-ing  its  manufacture,  &c.  ;  and  for  this  purpose, 
too  voung  cultures  of  the  trichophyta  should  be  used  for  comparison 
and  for  making  sub-cultures,  especially  such  as  have  been  seen  to 
spring  from  a  single  spore,  according  to  Blaxall's  plate  method  (p.  75). 
Under  these  circumstances  the  trichophyta  invariably  breed  true. 
The  best  temperature  is  30°  C. 

Method  of  inoculating  the  diseased  hair,  crust,  &o.— The  method 
generally  adopted  is  to  transfer  the  hair,  &c.,  to  a  clean  slide 
previously  sterihsed  by  flaming.  The  unaffected  part  of  the  hair  is 
cut  away  with  a  sterile  knife,  and  the  remainder  subdivided  into  small 
portions,  which  are  transferred  to  a  tube  containing  a  suitable 
medium  by  means  of  the  platinum  needle.  The  point  of  the  needle 
should,  however,  have  been  previously  rendered  adhesive  by  plunging 
it  whilst  still  warm  into  the  medium,  or  by  moistening  it  in  the  con- 
densation water. 

This  is  sufficient  for  the  microsporon  hairs,  which,  as  Sabouraud 
and  Blaxall  state,  yield  a  pure  culture  of  the  parasite  when  placed 
on  a  suitable  medium  inimical  to  saprophytic  bacteria.  The  hairs 
and  scales  of  the  trichophyta  are,  however,  frequently  infested  with 
bacteria,  yeasts,  sarcinae,  and  moulds.  The  difficulty  arising  from 
growth  of  the  latter  can  generally  be  obviated  by  teasing  out  the 
material  in  sterihsed  distilled  water,  separating  the  diseased  hairs 
by  means  of  a  lens,  and  again  washing  them  in  distilled  water.  This 
is  especially  indicated  for  scales  from  Tinea  circinata,  also  in  beard 
cases,  and  in  the  crust  and  matted  hairs  obtained  from  animal  lesions 
(BlaxaU). 

Should  the  growth  obtained  be  not  a  pure  ringworm  fungus,  it 
should  be  removed  and  teased  well  in  sterile  distilled  water  and  re- 
inoculated. 

Both  in  the  case  of  favus  and  ringworm,  if  typical  colonies  appear 
to  be  sprouting  in  any  of  the  tubes  amidst  contaminating  organisms, 
subcultures  are  made  on  fresh  tubes,  so  as  to  isolate  pure  growths. 

Plate  cultivations. — These  may  be  made  in  the  case  of  ringworm 
from  a  tube  culture  of  either  the  microsporon  or  the  trichophyta,  and 
are  especially  useful  for  the  trichophyta,  where  otherwise  only  an 
approximately  pure  culture  can  be  obtained,  for  the  reasons  already 
indicated.  The  method  of  plating  devised  by  Blaxall  is  founded  on 
the  fact,  noted  by  Sabouraud,  that  the  trichophyta  generally  (and  also 
the  microspora  when  quite  white  and  downy),  as  soon  as  they  have 
pushed  up  their  aerial  hyphee,  are  exceedingly  prone  to  drop  their 
spores  and  thus  cause  little  sateUite  colonies  around  them. 

Blaxall's  method. — A  tube  culture  of  a  trichoi^hyton  which  had 
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thrown  up  Its  aerial  liyphaa  is  taken,  and  after  removal  of  the  wool 
plug,  the  mouth  is  well  flamed.  The  tube  is  then  held  inverted  over 
a  petri-dish  containing  maltose  agar  solidified.  A  sharp  tap  or  two 
IS  given  to  the  tube,  sufficient  to  cause  the  spores  to  drop,  and  the 
plate  is  re-covered. 

Under  the  low  powers  of  the  microscope  the  spores  can  be  sought 
out  and  watched,  the  development  from  a  single  spore  followed,  tuid 
subcultures  made  from  isolated  colonies. 

By  this  method  the  trichophyton  may  be  separated  from  its 
mmensals  (see  p.  92),  or  rather  their  reappearance  is  considerably, 
if  not  entirely,  checked.  As  soon  as  there  is  any  sign  of  growth  the 
plates  are  sealed  with  melted  paraffin. 

Impression  p)reparations  can  be  made  from  these  plates,  in  the 
usual  way,  in  order  to  demonstrate  the  aerial  hyphge  in  their  natural 
arrangement.  Blaxall  recommends  Kiihne's  carbol-methylene-blue 
as  a  stain.  After  about  five  minutes  in  tbis,  well  wash  with  tap  and 
distilled  waters  ;  dry  and  mount. 

Exaviination  of  the  submerged  hyphm. — Blaxall's  method  is  to 
place  a  thin  section  of  the  agar  containing  the  submerged  hyph^ 
between  two  coverslips.  These  are  pressed  tightly  together  and  can 
be  examined  at  once  fresh  ;  or,  by  holding  the  two  cover-glasses 
clipped  tightly  together  in  boihng  water,  most  of  the  agar  can  be 
removed  and  the  specimen  stained. 

In  this  way  Blaxall  '  has  been  able  to  confirm  the  appearances 
seen  in  a  hanging-drop  specimen,  and  to  observe  that  the  appearances 
of  the  submerged  hyphae  of  the  microspora  correspond  exactly  to  the 
description  given  by  Sabouraud  as  to  the  fructification  of  that  species.' 

Hanging-drop  specimens  are  best  made,  according  to  the  same 
writer,  by  using  as  the  medium  beer-wort,  or  a  iDouillon  containing 
maltose,  or,  as  recommended  by  Bodin,  mannite.  After  inoculation 
the  coverslip  is  hermetically  sealed  to  the  cell  of  the  hollow-ground 
slide  with  melted  paraffin.  Cultures  can  be  watched  for  over  a  month. 

Methods  of  demonstrating  fungi  in  the  hair,  in  cases  of  favus  or 
tinea  tonsurans. — The  hair  should  be  carefully  extracted  from  the 
scalp,  &c.,  by  traction  in  the  axis  of  its  growth,  so  as  to  obtain  the 
soft  bulb  intact  if  possible. 

1.  Rapid  clinical  method. — 1.  Place  the  hair  in  a  drop  of  liquor 
potassEe,  5  to  10  per  cent,  (the  B.P.  solution,  6-8  per  cent.,  is  very 
convenient),  on  a  clean  slide. 

2.  Lay  the  coverslip  on  gently,  but  do  not  press.  Examine  the 
hair  during  the  process  of  clearing.   Do  not  warm  or  disturb  the  hair. 

[Adamson  says  that  previously  soaking  the  hair  in  ether  is  useful, 
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especially  in  the  presence  of  scales  or  fat,  e.g.  pomade,  as  it  prevents 
the  softening  action  of  the  potash.   But  as  a  rule  it  is  not  necessary.] 

3.  After  fifteen  to  twenty  minutes  allow  a  little  glycerine  to 
diffuse  under  the  covershp,  which  may  then  be  luted  down  by 
painting  its  edges  with  melted  paraffin. 

II.  Adamson's  method  '  unites  the  foregoing  with  a  staining 
process,  the  Gram-Weigert  method  (p.  99),  a  happy  combination, 
which  I  find  gives  most  excellent  results. 

The  method  of  procedure  is  as  follows  : 

A.  '  Clearing  '  process. — 1.  Place  the  hair  or  scales  on  a  sHde,  and 
cover  with  a  drop  of  potash  solution,  5  to  10  per  cent,  (or  B.P. 
solution,  6-8  per  cent.).    The  cover-glass  is  gently  applied. 

2.  After  ten  to  thirty  minutes  (for  details,  see  p.  78),  gently  wash 
the  specimen  in  a  15  per  cent,  solution  of  alcohol  in  water,  by  care- 
fully diffusing  a  few  drops  under  the  coverslip.  The  alcohol  mixing 
with  the  potash  solution  hardens  the  specimen  sufficiently  to  prevent 
its  destruction  during  the  removal  of  the  cover-glass.  In  the  case  of 
scales  these  will  remain  adherent,  either  to  the  coverslip  or  the  slide, 
while  a  hair  usually  floats,  and  must  be  left  behind  by  the  removal 
of  alcohol  with  blotting-paper.  Any  excess  of  potash  is  then  washed 
off  with  more  15  per  cent,  alcohol. 

3.  The  slide,  or  cover-glass,  bearing  the  specimen  is  dried  over  the 
flame,  and,  in  the  case  of  scales,  fixed  by  passing  through  the  flame 
three  times. 

The  preparation  is  now  ready  for  staining,  Gram-Weigert's 
method  (modified  as  to  times,  p.  78)  being  used  for  demonstrating 
the  fungus,  whilst  the  hair  itself  may  be  counterstained  by  adding 
eosin  or  picric  acid  to  the  anilin  oil,  as  follows  : 

B.  Staining  process. — 4.  Stain  in  anilin-water  gentian-violet,  for 
fifteen  to  sixty  minutes  (p.  78). 

5.  Pour  off  the  stain,  and,  without  washing,  pour  on  Gram's 
iodine  solution.    Pour  this  away  after  one  to  five  minutes. 

6.  Decolorise  in  anilin  oil,  for  two  to  three  hours  or  longer;  renew 
the  anilin  oil,  occasionally.  Examine  continually  with  the  §rd  inch 
objective.  , 

7.  Eemove  the  anilin  oil  by  blotting-paper,  and  mount  in  Canada 
balsam. 

I  add  to  Adamson's  account  the  following  details  as  to  the  mode 
of  counterstaining  the  hair,  which  is  simple  and  very  effective. 

When  the  spores  and  myceHum  are  clearly  seen,  and  the  hair 

'  'A  note  on  the  Permanent  Staining  of  Eingworm  Fungus,'  by  Dr.  H.  G. 
Adamson,  Brit.  Journ.  Dermatology,  Dec.  1895,  pp.  373-377. 
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is  fairly  free  from  gentian-violet,  pour  on  a  drop  or  two  of  concentrated 
alcoholic  solution  of  eosin.  After  one  minute  wash  away  excess  of 
eosin  with  a  little  more  anilin  oil.  Then  absorb  excess  of  oil 
with  blotting-paper,  and  finally  remove  all  traces  of  oil  with  xylol,  to 
prevent  decolorisation  of  the  hair  going  on. 

Absorb  excess  of  xylol.  Mount  in  xylol  solution  of  Canada 
balsam. 

The  fungus  is  stained  violet,  and  the  hair  or  scale  pink. 

As  regards  the  '  clearing '  stage,  Adamson  says :  '  The  time  of 
•exposure  to  the  potash  solution  varies  according  to  the  rate  at  w^hich 
clearing,  as  manifest  under  the  microscope,  takes  place  ;  or  according 
to  the  particular  appearance  it  is  wished  to  record,  the  time  being 
least  when  very  superficial  parts  of  the  hair  or  fungus  are  to  be  seen. 
•  '  To  shoio  the  fringe  of  viycelium  at  the  neck  of  the  soft  hulh  in 
either  of  the  varieties  of  ringworm,  the  potash  is  only  used  for  a  few 
minutes.  So  for  ringioorm  of  the  heard,  where  the  external  '  sheath  ' 
is  to  be  demonstrated. 

'  When  demonstrating  the  ftmgios  within  the  hair  in  the  endothrix 
forms,  or  in  the  thick  hairs  from  the  beard,  the  specimens  must  soak 
for  a  longer  period. 

'  Again,  for  staining  the  elements  of  the  fungus  simply,  without 
regard  to  their  relations  to  the  hair,  a  longer  period  is  required,  and 
the  specimen  may  also  be  flattened  out  by  pressure  of  the  coverslip. 

'  As  regards  the  staining  and  decolorising,'  the  author  continues, 
'  the  length  of  time  will  depend  on  the  exposure  to  potash  and  the 
•consequent  softening  produced. 

'  Where  the  potash  is  used  for  a  long  time,  a  few  minutes  only  in 
the  stain,  and  fifteen  to  thirty  minutes  in  the  aniline  oil,  will  be 
sufficient. 

'  Where  the  potash  has  been  used  only  for  a  few  minutes,  the  staining 
and  decolorising  both  require  a  longer  time,  viz.  staining  half  to  one 
hour  or  longer,  and  decolorising  for  two  to  three  hours  or  longer.' 

•It  may  be  mentioned  that,  without  troubling  about  minutite,  the 
present  writer  has  obtained  very  satisfactory  results  with  Adamson's 
method  (see  figs.47,  and  56),  using  the  following  average  times : 

Place  in  potash  for  twenty  minutes. 

Wash  in  15  per  cent,  alcohol. 

Stain  in  anilin-gentian-violet,  for  thirty  minutes. 

Pour  on  Gram's  iodine  solution,  three  minutes. 

Decolorise  in  anilin  oil,  thirty  minutes. 

Oounterstain  in  eosin  one  minute  (see  p.  77).. 
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Ringworm ' 

The  parasitic  nature  of  ringworm  was  first  accurately  described 
bv  Gruby,  in  a  series  of  memoirs  published  in  the  ComjAes  rendm 
Paris,  between  the  years  1841-1844.  The  existence  of  variietes  of 
fungi  mentioned  by  Gruby  has,  during  the  present  decade,  been 
confirmed  and  our  knowledge  of  them  vastly  extended  by  the 
brilliant  work  of  Sabouraud,  also  of  Paris,  and  his  observations  have 
been  further  confirmed,  or  qualified,  by  the  very  careful  mvestigations 
of  Adamson,  and  of  Colcott  Fox  and  Blaxall  amongst  English 
writers. 

True  ringworm  is  caused  by  moulds  of  two  kinds,  the  first  being 
the  Microsporon  AudouM,  so  called  by  Gruby,  the  other  belonging 
to  the  family  of  the  Trichophyta.  The  Trichophyton  fungi  are 
distinguished  as  T.  endothrix  or  T.  ectothrix,  according  as  they  are 
seen  microscopically  to  occupy  chiefly  the  interior  or  the  exterior  of 
the  hair,  respectively. 

Occasionally,  owing  to  the  absence  of  the  characteristic  favus 
cups,  and  the  presence  of  ckcinate  lesions,  or  even  typical  kerion, 
favus  may  so  closely  simulate  ringworm  as  to  be  indistinguishable 
from  the  latter  clinically.  When  cultivated,  however,  the  fungus 
gives  rise  to  typical  favus  growths.  Such  a  condition  has  been 
called  by  Sabouraud  '  Favus  with  trichophytoid  lesions.' 

The  microsporon  and  trichophyton  fungi  are  quite  distinct  from 
one  another,  morphologically,  culturally,  and,  according  to  Sabouraud, 
botanically.  Fox  and  Blaxall,  however,  maintain  that  they  must  all 
be  regarded  as  members  of  the  same  family,  basing  their  argument 
on  the  similarity  in  the  plan  of  the  aerial  fructification  seen  in  the 
cultures  of  all  true  ringworm  fungi,  viz.  a  central  rod  bearing 
terminally  and  laterally  small  spores,^  attached  by  a  short  pedicle. 

'  The  literature  of  the  subject,  owing  to  the  large  number  of  investigators,  is 
very  great.  The  account  here  given  is  based  chiefly  upon  the  work  of  Sabouraud, 
Adamson,  and  Colcott  Fox  and  Blaxall.  The  two  last  mentioned  have  written 
an  admirable  series  of  papers  in  the  British  Journal  of  Dermatology  for  1895  and 
1896,  and  a  short  account  will  be  found  in  the  Trans.  Path.  Soc.  Lond.  for  1897. 
Having  most  courteously  jDlaced  at  my  disposal  six  of  the  cultures  (figs.  50-55), 
and  two  hairs  affected  with  trichophyton  (figs.  48  and  49),  mentioned  in  their 
original  papers,  I  have  availed  myself  of  the  descriptions  therein  given. '  From 
the  recent  nature  of  the  investigations  it  has  been  necessary  often  to  quote  freely 
therefrom.  The  advanced  student  will  find  them  invaluable  for  the  purposes  of 
reference,  owing  to  the  vast  amount  of  detail  given. 

-  As  the  writers  quoted  point  out,  the  aspect  of  the  aerial  fructifications  of 
these  cultures  has  nothing  to  do,  and  must  not  be  confounded  with,  the  '  spores ' 
described  in  the  hair  lesions. 
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_  The  fungi  producing  ringworm,  and  the  ringworm-Hke  lesions 
yielding  faviform  cultures,  are  conveniently  arranged  into  three  groups 

I.  The  Microsporon  Audouini,  a  fungus  the  mycelial  filaments  of 
which,  according  to  Sabouraud,'  occupy  the  interior  of  the  hair  whilst 
the  small  spores  form  a  characteristic  greyish-white  sheath  outside 
the  hair,  spreading  along  its  shaft  for  a  distance  of  3  mm  (about 
^  inch)  from  the  mouth  of  the  hair  foUicle.  It  is  responsible  for  the 
majority  of  cases  of  scalp  ringworm  of  children  in  England. 

II.  The  Trichophyta,  also  known  as  Trichophyta  megalospora, 
from  the  large  size  of  the  spores  ordinarily  seen,  are  further  sub- 
divided into  (fl)  endothrix  and  (b)  ectothrix  varieties,  according  as 
the  fungus  lies  chiefly  inside  or  outside  the  hair ;  (c)  a  third  variety 
has  been  distinguished  by  the  name  endo-ectothrix,  the  fungus 
lying  partly  inside  and  partly  outside  the  hair.  Prom  its  clinical 
behaviour  and  cultural  characters  it  must  be  regarded  as  being 
closely  allied  to,  if  not  identical  with  (b).  Trichophyton  megalosporon 
endothrix  forms  no  white  parasitic  sheath  external  to  the  hair ;  whereas 
the  ectothrix  variety,  lying  almost  entirely  outside  the  hair,  does 
form  a  parasitic  sheath,  much  as  in  the  case  of  the  microsporon. 

III.  Fungi  causing  ringworm-like  lesions  but  favus-like  cultures 
(i.e.  '/aims  loitli  tricJiopJiytoid  lesions,'  see  p.  95). 

Eeserving  to  the  end  of  the  chapter  the  further  consideration  of 
group  III.,  we- may  conveniently  compare  the  parasites  of  true  ring- 
worm under  the  following  headings :  Source,  Mode  of  invasion  of  hair. 
Frequency,  Clinical  and  Microscopical  appearances,  and  Culturally. 

Source  of  the  ringworm  fungi.— (i)  The  microsporon  Audouini  is 
thought  to  be  of  human  origin,  but  a  species  of  microsporon  is  known 
in  the  horse  and  also  in  the  cat ;  and  such  microspora  of  animal  origin 
appear  to  produce  circinate  lesions  of  the  smooth,  or  glabrous,  skin 
more  commonly  than  is  the  case  with  M.  Aiidouini. 

(ii)  The  trichophyton  endothrix  is  of  exclusively  human  origin. 

(iii)  The  trichophyton  ecto-  and  endo-ectothrix  appear  to  be  of 
animal  origin. 

Mode  of  invasion  of  the  hair. — (i)  The  microsporon,  according  to 
Sabouraud,  attacks  the  hair  near  the  mouth  of  the  follicle,  eroding 
its  surface  and  then  spreading  from  above  down.  The  scalp 
epidermis  is  only  attacked  subsequently,  according  to  Sabouraud  ;  but 
Fox  and  Blaxall  think  that  the  hair  is  attacked  secondarily  to  the 
skin  of  the  scalp. 

(ii)  and  (iii)  The  trichophyta,  descending  into  the  follicle,  attack 
the  hair  near  its  root,  the  fungus  spreading  upwards.    The  remark- 

'  See,  however,  p.  82,  ct  seq. 
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able  preservation  of  the  cuticle  points  to  a  method  of  attack  different 
from  that  in  the  case  of  the  microsporon  (Fox  and  Blaxall). 

In  scalp  ringworms  of  tricho2)hytit  origin  (far  less  commonly  met 
vnih)  there  is  a  preliminary  and  temporary  circinate  lesion  of  the 
epidermis  around,  before  the  hair  is  invaded  by  the  fungus,  and  there 
are  fi-equently  circinate  lesions  of  the  smooth  skin  elsewhere. 

But,  according  to  Fox  and  Blaxall,  'no  rule  can  be  laid  dovm  as 
to  the  exact  spot  where  the  microsporon  first  attacks  the  hair.  It  is 
always  in  the  folHcular  portion,  and  often  towards  the  root  end,  but 
sometimes  in  one  place,  sometimes  in  another,  and  on  occasion  in 
several'    (For  details  as  to  the  mode  of  this  invasion,  see  p.  83.) 

Frequency.— The  proportion  of  small-spored  to  large-spored  fungi 
in  scalp  ringworm  varies  considerably.   In  Paris,  it  is  as  12  to  8.  In 
England,  the  small-spored  variety  is  largely  in  excess.    Thus  out  of 
178  cases,  Adamson  '  observed  only  7iinstances  of  large-spored  forms 
a  proportion  of  small-spored  to  large-as  26  to  1.  , 

Clinically.— (i)  The  microsporon  Audouini  is  responsible  in  England 
for  the  majority  of  the  cases  of  scalp  ringworm  in  children,  various 
estimates  showing  it  to  be  present  in  from  80  to  95  per  cent,  of  all 
cases.  In  Paris  it  causes  a  little  more  than  half,  and  less  than  two- 
thirds  of  the  total  number  of  cases.  It  appears  not  to  exist  in  Italy, 
Germany,  or  Hungary. 

Fairly  long  stumps  of  broken  hairs,  each  surrounded  by  a  white 
sheath,  are  found  throughout  the  affected  areas.  In  the  adult  it  is 
but  rarely  met  with  in  the  scalp,  and  it  is  i uncommon  for  it  to  attack 
the  smooth  skin. 

(ii)  The  trichoijJiyton  endothrix,  common  in  Paris,  less  common 
in  England,  frequently  affects  the  smooth  skin,  producing,  however 
less  than  half  of  the  total  number  of  circinate  lesions.  When 
associated  with  scalp  lesions,  very  short,  swoUen,  and  dark  stumps 
havmg  no  parasitic  sheath  externally,  are -characteristic.  Two  types' 
of  scalp  lesion  are  described  by  Sabouraud ;  the  one,  designated  by 
him  under  the  name  'La  to?idante  peladouU;  from  its  close  re 
semblance  to  Alopecia  areata,  has  not  been  seen  in  London  The 
second  type,  also  rare  in  London,  is  characterised  by  the  presence  of 
numerous  small  scurfy  patches,  '  the  size  of  the  finger-nail '  or 
smaller,  or  of  single  stumps  scattered  over  the  scalp,  and  for  which 
careful  search  may  have  to  be  made.  Sometimes,  however,  large 
patches  may  be  present.  ^ 

(iii)  The  trichophyton  ecto-  and  endo-ectothrix  fungi  are  re 
sponsible  for  only  a  small  minority  of  scalp  ringworms,  but  for  more 

'  Brit.  Joimi.  Dermatology,  July  1895. 
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than  half  the  total  number  of  circinate  lesions  of  the  smooth  skin 
{Tinea  circinata). 

These  fungi  are  also  the  cause  of  all  beard  ringworms  (T.  sycosis), 
and  ringworm  of  the  nails,  a  very  rare  disease  in  England,  in  which 
the  nails  become  of  a  dirty  yellowish  colour,  thickened  at  the  edge, 
and  very  brittle,  so  as  to  split  readily. 

Kerion,  a  condition  of  ringworm  characterised  by  a  spongy 
sweUing  of  the  scalp  from  suppurative  follicuhtis,  is  also  invariably 

due  to  these  fungi;  but  before 
making  the  diagnosis  of  ectothrix 
one  must  exclude  the  other  com- 
mon sources  of  suppuration  in  the 
scalp,  the  ordinary  pyogenic  or- 
ganisms, pedicuh,  &c.  (Fox  and 
Blaxall). 

Microscopically. — (i)  The  mi- 
crosporon  Aitdouini  hair  (fig.  47), 
when  prepared  by  either  of  the 
methods  aheady  described,  is  seen 
to  be  enclosed  in  a  sheath  com- 
posed entirely  of  small  spores — the 
majoi'ity  being  2  to  3    in  diameter 
—  fitting  closely  together  so  as  to 
form  a  mosaic ;  but  there  are  no 
definite    filaments  or  chains  of 
'  mycelial  spores,'  as  in  the  case  of 
trichophyton  ectothrix. 
'  In  a  carefully  extracted  hair,'  Adamson  says,'  '  the  whole  root- 
stem  is  seen  surrounded  by  the  sheath  of  spores,  extending  from  a 
short  distance  above  the  intrafollicular  portion  to  the  junction  of  the 
root-stem  with  the  soft  root-bulb.    The  hair  itself  is  free  from  spores. 

'  On  the  bulb  are  strings  of  spores,  radiating  from  the  papillary 
centre,  but  these  may  be  only  picked  up  by  the  expanded  soft  bulb 
as  it  passes  through  the  follicle,  upon  whose  wall  some  portion  of  the 
spore  sheath  may  still  remain. 

'  There  is  no  mycehum  on,  or  in,  the  bulb ;  but  at  the  junction  of 
the  bulb  with  the  root-stem  there  is  a  frhige  of  mycelmm  surrounding 
the  hair  and  projecting  below  the  lower  margin  of  the  sheath  of 
spores  around  the  root-stem. 

'  By  careful  focussing  it  can  be  seen  that  the  mycelium  extends 


Fig.  47.— micbosporon  audouini  in  a 
haie,  fbom  a  case  of  scalp  eing- 

WORM.  X  240 
Stainerl  by  Adamson's  method.  In  the  upper 
figure  the  surface  has  been  focussed  so  as  to 
show  the  mosaic  o{  spores  forming  a  slieatli 
outside  the  hair.  Tn  tlie  lower  fisnire,  the 
same  hair  lias  been  focussed  to  show  the  my- 
celium. Notice  that  the  cuticle  of  the  hair 
has  been  stripped  off. 


'  BriL  Journal  Dermat.  July  1895. 
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upwards  beneath  the  sheath  of  spoi-es  to  form  an  internal  sheath 
between  it  and  the  hair.  The  mycelium  is  most  abundant  at  the 
lower  part  of  the  root-stem,  becoming  more  broken  and  scanty  as  the 
aerial  portion  of  the  hair  is  reached.  The  spore-sheath  passes  a  little 
way  on  to  the  aerial  stem,  and  above  this  are  scattered  spores  and 
broken  rods  of  mycelium.  In  the  aerial  stem  there  usually  exist  one 
or  more  cross-fractures  of  the  hair.  At  this  stage  the  cuticle  of  the 
hair  is  destroyed  throughout  its  whole  length,  and  the  mycelium 
appears  imbedded  in  the  surface  of  the  hair.' 

Besides  these  small  spores,  however,  there  may  be  seen,  here  and 
there,  on  the  outside  of  the  hair  when  in  an  early  stage  of  infection, 
larger  masses  or  segments,  the  so-called  giant  spores. 

'  They  are  usually  seen  as  thinly  scattered  groups,  or  isolated 
chains,  on  the  surface  of  the  shaft,  at  the  junction  of  the  folhcular 
with  the  aerial  portion  of  the  hair,  and  sometimes  as  chains  of  large- 
jointed  mycelium  nearer  the  root.  The  elements  are  quite  different 
in  appearance  from  those  of  the  main  fungus.  They  are  somewhat 
irregular  in  outline,  and  refract  light  only  shghtly,  so  that  they 
present  a  faint  ghost-like  appearance. 

'  Whilst  in  many  of  the  hairs  in  the  early  stages  of  infection  no 
spores  are  visible,  in  others  there  is  a  more  or  less  imperfect  sheath 
of  small  spores,  and  in  these  the  larger  elements  just  described  are 
always  present.  "When  traced  downwards  they  are  seen  to  pass 
through  all  the  intermediate  stages  into  the  typical  small  spores  of 
the  sheath.  It  would  thus  appear  possible  that  the  larger  spores  are 
the  elements  from  which  the  spore-sheath  takes  its  origin.'  (Adamson.) 

Jointed  mycehal  threads,  according  to  Sabouraud,  however,  occupy 
the  interior  of  the  hair,  and  appear  to  branch  dichotomously  at 
long  intervals.  The  branches  end  in  fine  filaments,  which,  escaping 
through  the  hau-,  terminate  by  bearing  spores.  These,  being  packed 
closely  side  by  side,  present  the  appearance  of  a  mosaic,  and  form 
the  greyish-white  sheath  which  is  visible  to  the  naked  eye. 

Sabouraud  considers  that  the  spore  thus  formed  on  the  outside  of 
the  hair  is  an  ectospore,  as  distinguished  from  a  mycelial  endospore 
(such  as  is  seen  in  the  trichophyta,  or  in  favus),  which  is  only  a 
portion  of  altered  mycelium.  He  believes  that  the  microsporon  is 
the  only  one  of  the  ringworm  fungi  capable  of  passing  through  a 
complete  developmental  cycle,  i.e.  by  the  production  of  ectospores, 
whilst  parasitic  in  the  human  subject.  Fox  and  Blaxall,  in  oppos- 
ing this  view,  refer  to  the  characteristic  mode  of  invasion  of  the 
hair  by  the  large  '  giant  spores.' 

The  exact  mode  of  invasion  of  the  hair  is  best  studied  in  specimens 
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obtained  from  the  early  scaly  patches  of  the  scalp  before  the  hairs 
become  broken.    Adamson's  account  is  a's  follows  : ' 

'  In  many  of  the  hairs  abstracted 
from  such  an  early  patch  nothing 
abnormal  can  be  seen  ;  but,  here 
and  there,  a  hair  is  found  with  its 
cuticular  covering  intact  but  in- 
vaded by  mycelium,''!  which  can  be 
seen  piercing  it  from  the  outside, 
at  the  upper  part  of  the  follicular 
shaft,  and  passing  downwards  as 
long  wavy  threads  towards  the 
root.  It  lies  immediately  beneath 
the  cuticle,  and  terminates  as  a 
fringe  just  at  the  neck  of  the  soft 
bulb.'  The  cuticle  is  then  pro- 
gressively stripped  off  in  a  very 
characteristic  manner,  in  marked 
distinction  to  what  happens  in  the 
case  of  the  trichophyton,  in  which 
the  cuticle  is  well  preserved.  This, 
according  to  Fox  and  Blaxall,  shows 
that  the  fungi  attack  the  hair  in  a 
different  way  in  the  two  cases. 

(ii)  The  trichophyton  endothrix 
hair  (fig.  48)  is  seen  to  be  devoid 
of  a  parasitic  sheath,  but  to  have 
retained  its  cuticle  to  a  remarkable 
extent.  The  root  is  first  attacked, 
and  the  parasite  gi'ows  upwards. 
Within  the  hair,  and  occupying  it 
more  or  less  completely,  are  my- 
cehal  filaments,  broken  up  to  form 
chains  of  double-contoured  spores 
— mycelial  spores,  or  endo-spores — 
which  as  a  rule  are  larger  than  in 
the  case  of  the  microsporon.  Only 
exceptionally  is  any  of  the  fungus 
seen  outside  the  hair  (p.  85). 


Fig.  48. — tbichophyton  endothrix 
in  a  haik.^    x  530 

The  chaius  of  mycelial  spores  are  mostly  con- 
fined to  the  interior  of  the  hair,  of  which 
cuticle  is  seen  to  be  remarkably  well  pre- 
served. ^  N.B.— In  this  and  the  succeeding 
figure  it  has  been  necessary,  for  the  sake 
of  clearness,  only  to  represent  a  few  of  the 
chain  formations  actually  present. 


Fig.  49. — tbichophyton  ectotheix 
in  a  haie.'^  x  530 
From  a  case  of  kerion.  In  the  upper  figure 
the  hair  has  been  fooussed  so  as  to  be  seen 
in  profile.  The  massed  chains  of  mycelial 
endospores  lying  on  the  exterior  of  the  hair 
are  well  seen.  In  the  lower  figiu-e,  fi-om  the 
same  specimen,  the  surface  of  the  hair  is 
f ocussed,  but  only  a  few  of  the  very  numerous 
chains  of  mycelial  endospores  are  shown. 


Loc.  cit. 


See  1st  footnote,  p.  79. 


^  This  mycelium  is  really  derived  from  '  giant  spores  '  (p.  83)  lying  on  the  shaft 
of  the  hair. 
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This  chain  formation  is  often  less  distinct  in  the  peladoid  type 
(p.  81)  of  ringworm,  the  rounded  or  irregularly  shaped  spores  being 
massed  together  to  look  'like  a  bag  of  nuts'  (Blaxall).  In  the 
second  endothrix  type  (mentioned  on  p.  81),  the  chain  formation  is 
obvious,  and  the  spores  are  mostly  quadrangular  in  shape. 

(iii)  The  trichophyton  ectothrix  hair  (fig.  49),  e.g.  from  a  case  of 
suppurating  ringworm  (kerion)  or  in  beard  ringworm  (sycosis),  has  a 
dense  white  or  greyish  parasiti'c  sheath,  chiefly  confined  to  the 
intrafoUicular  portion.  The  fungus  may  be  practically  limited  to 
this  region,  where  it  is  seen  to  form  an  en  sheathing  mass  of 
mycehal  threads  between  the  hair  and  the  wall  of  the  folhcle.  But, 
as  Fox  and  Blaxall  point  out,  the  hair  itself  is  probably  always 
imphcated  to  some  extent,  and  the  wall  of  the  follicle  may  be  attacked. 
But  a  more  extensive  invasion  of  the  hair  by  the  parasite  may  occur, 
and  the  fungus  is  then  more  appropriately  known  as  T.endo-ectothrix. 
Indeed,  even  from  the  same  case,  hairs  may  be  seen  without  any 
external  spore  sheath,  or  very  little,  and  hence  care  is  necessary  in 
the  diagnosis  of  this  variety  of  trichophyton. 

Further,  since  considerable  variations  occur  in  the  size  of  the 
spores  of  ectothrix  fungi,  a  hair  affected  with  ectothrix  may  resemble 
one  invaded  by  the  microsporon.  But  the  sheath  of  microsporon 
spores  is  intimately  blended  with  the  hair,  and  has  been  aptly  com- 
pared by  Sabouraud  with  the  bark  of  a  tree. 

In  the  case  of  the  ectothrix,  a  more  or  less  distinctly  sporulated 
mycelium  is  seen  to  lie  between  the  hair  and  the  wall  of  the  follicle, 
extending  just  into,  but  stopping  short  at  the  mouth  of  the  follicle, 
to  form  a  sort  of  '  collarette.' 

Mycehum  between  the  hair  and  follicle  is  also  seen  in  the  early 
stages  of  infection  by  the  endothrix  and  microsporon ;  as  for  the 
endothrix,  such  extra-pilar  mycehum  soon  dies  away,  and  in  the  case 
of  the  microsporon  the  threads  are  never  in  chain  formation  (Blaxall). 

A  mycelial  fringe,  such  as  is  seen  descending  towards  the  bulb  in 
the  case  of  microsporon,  has  not  been  observed  in  infection  by  ectothrix. 

In  the  ectothrix  hair  sporulated  mycelial  threads,  or  chain  forma- 
tions, are  seen  running  lengthwise.  In  these  the  spores  are  well 
marked,  whereas  in  and  near  the  foUicle  wall  they  are  often  less 
distinct,  plain  myceUal  threads,  broken  up  into  irregular  lengths, 
being  more  obvious. 

Appearance  of  the  Cultures 

Microspora  cultures.— T/te  microspora  cultures,  on  French  proof 
agar,  are  slow  to  develop,  and  by  the  seventh  day  form  flat  disc-like 
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colonies  beneath  the  surface  of  the  medium.  Small,  scale-like,  colonies 
ach  with  a  central  opaque  white  spot,  appear  on  the  surface  by  aboui 
the  fourteenth  day,  encn^cled  by  a  narrow'  white  .one,  beyond  which 
^  an  .regular  senes  of  rays  The  central  opacity  increases  in  size, 
,  and  after  about  eigh  weeks  is  seen  to  be  surrounded  by  concentric 
cu'cles,  beyond  which  is  a  shghtly  raised  white  ring ;  beyond  this 
again,  extends  yet  another  set  of  rays. 

According  to  the  observations  ■  of  Fox  and  Blaxall,  cultures  of 
about  six  weeks'  growth  may  be  divided  into  four  types  :  '— 

(a)  '  The  first  and  commonest  form  has  a  shght  white  knob  in  the 
centre,  surrounded  by  a  greyish-white  cushion,  which  shows  here 


and  there  faint  indications  of  concentric  markings.  The  general 
aspect  is,  as  described  by  Sabouraud,  somewhat  asbestos-like.' 

(b)  '  The  second  kind'  (shown  in  fig.  50)  'is  a  very  delicate  growth, 
and  is  further  characterised  by  the  microscopic  appearances  of  the 
aerial  hyphae,  which  are  extremely  dehcate.  There  is  a  small  central 
boss  enclosed  by  a  clear  space,  and  this  is  surrounded  by  a  network 
of  hyphae  which  radiate  to  the  periphery.    They  are  more  interspaced 

'  See  1st  footnote,  p.  79.  A  typical  collection  of  these  cultures  will  be  found  in 
Brit.  Journal  Dennat.  September  1896,  illustrating  the  paper  by  the  authors 
quoted. 
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than  those  of  the  first  type,  and  are  all  of  a  greyish-brown  colour. 
Both  the  first  and  second  types  are  transparent. 

(r)  'The  third  type  shows  many  variations.    It  toims,  ge^erauy 

■.w  .iLTu  or  three  weeks,  a  white  central  plaque,  felt-hke, 
within  a  foitnight  oi  tnree  ,  ^.^^  ^ 

.,h  or  -^^o^^^^Zer  ll^T^L  of  the  plate.  Its 
lar^n^rbe  shatply  1^^^^^  or  fiuted,  or  may  extend  into  the 

:  fphe  J  as  a  flee'cy  fringe.    Where  the  plaque  is  cir  cum  scribed 
h7p^pW  hyphiare  relieved  by  a  fine  down,  J.^^^ ^^^^^Z 
becomes  tufty.    The  plaque  sometimes  shows  slight  geometrical 
markings,  or  the  boss  may  be  strongly  projectmg. 


Fig  51.— culture  op  a  micbospoeon  audouini  '  on  feench  pkoof  agae, 

THE  F0T3BTH  TYPE,  SHOWING  FOOB  WELL-MAEKED  FUEBOWS,  OE  FOLDINGS, 
RADIATING  FBOM  THE  CENTRE. 

{d)  '  The  fourth  type  (fig.  51)  is  less  common.  The  culture  is 
entirely  covered  with  a  luxuriant,  soft,  pure  white  down,  with  ai  small 
central  boss.  The  down  extends  completely  to  the  end  of  the  sub- 
merged hyphae,  so  that  there  is  no  appearance  of  a  submerged  fringe. 
But  the  main  feature  is  that  the  culture  shows  symmetrical  furrows 
or  foldings,  commonly  four  in  number,  radiating  from  the  centre- 
The  culture  may  lose  its  circular  shape,  extending  along  the  direction 
of  the  furrows  and  giving  a  stellate  appearance.  These  last  two  types, 
by  reason  of  their  massive  growth,  become  opaque  to  transmitted  light, 
the  under  surface  showing  a  brown,  felt-like  appearance. 

'  See  footnote,  p.  79. 
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.^'^  ^^'-^  ^gar,  the  growth  appears,  aceordine  to  q.l 
series  of  superposed  discs  coveid  w     T   ^    •,  ^^^^^^^^^^d.  as  a 
cockade  or  rosette.  ^^^^  arranged  like  a 

i'o^^^o,  the  growth  of  the  microsporon  is  vprvf    •  , 
m  appearing.    About  the  tenth  day  Ht  e  brol  ^ 
the  difference  in  colour  seeming  to  a    e  f  oTdiff  '  "^^i""'' 
actions  of  the  potatoes.    At  th^e  end 

these  discolorations,  hkened  by 
Sabouraud  to  streaks  of  diy 
blood,  become  the  seat  of  aerial 
tufts  of  down,  iDure  white  in 
colour.     The  growth  of  this 
down  is  always  much  more 
luxuriant  when  the  discolora- 
tion is  markedly  pink,  pointing 
to  a  more  favourable  condition 
of  the  potato.    With  a  broM'n 
discoloration   the   growth  is 
feeble  and  appears  abortive  ' 
(Blaxall). 

As    showing    the  extra- 
ordinary vitahty  possessed  by 
the  microsporon   on  all  the 
media,  it  is  important  to  note 
^,   ,      ,  that  even  when  quite  dried  un 

the  growth  has  beeu  successfully  sub-cnltm-ed,  by  the  author  ju  i 
quoted,  from  tubes  two  years  old. 

In  broth,  isolated  mucus-like  globules  are  seen,  having  a  satiny 
lustre  when  seen  by  transmitted  light. 

II.  Trichophyta  Cultures 

Sabouraud  classifies  the  trichophyta  met  with  in  France  according 
to  theu^cultural  pecuharities,  on  French  proof  agar,  as  follows  •- 

1.  Trichophyta  toith  crateriform  culUres,  corresponding  with 
1 .  endothnx  (three  known  species). 

2.  Trichovhyta  with  cmcminate  cultures  (having  a  central  mound 

'  See  footnote,  p.  79. 


Fig.  52.— cRATERiroBM  cultuhe  of  a  tri- 
chophyton ENDOTHRIX,'  ON  FRENCH  PROOF 
AGAR. 
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or  boss),  corresponding  with  some  varieties  of  T.  endo-ectothrix  (three 
known  species). 

3.  Trichophijta  ivith  loliite  poiodery  cidtures,  corresponding  with 
other  varieties  of  T.  endo-ectothrix  and  pure  ectothrix  (six  known 
species). 

But  half  of  the  known  species  of  trichophyta  for  the  present  must 
remain  tmgrouped. 

Adamson  sums  up  the  characters  of  the  trichophyta  cultures,  as 
a  whole,  as  forming  submerged,  sun-shaped  discs,  with  feathery, 
rayed  margins,  and  yellow,  or  white,  powier?/  surfaces,  as  distinguished 
from  the  downy  appearance  seen  in  the  microspora. 

Trichophyton  endothrix 
cultures. — There  are  two  or 
three  species,  differing  from 
each  other  only  in  secondary 
characters. 

On  French  igroof  agar, 
the  cultures  are  crateriform, 
but  vary  considerably  in 
appearance,  as  will  be  evi- 
dent on  comparing  figs.  52 
and  53,  drawn  from  plate 
preparations.  Dr.  Blaxall's 
description  is  as  follows : 
'  Growth  begins,  about  the 
sixth  or  seventh  day,  as  a 
httle  star  with  diverging 
rays,  more  widely  separated 
than  in  the  microspora.  The 

early  opacity  of  the  central  part  of  the  growth  also  serves  to 
distinguish  this  variety  from  the  more  transparent  microspora.  In 
ten  days  or  a  fortnight  the  culture  becomes  powdery.  When  sub- 
cultured  a  heap  is  gradually  thrown  up  in  the  centre,  covered  with 
powder,  and  spreading  from  the  heap  are  beautifully  ramified  sub- 
merged hyphffi,  hghtly  dusted  over  with  powdery  spores.  In  about 
a  month's  time  the  heap  becomes  depressed  in  the  centre,  as  it  were 
invaginated,  leaving  a  central  crateriform  cavity.  During  the  process 
of  invagination,  the  surface  of  the  culture  cracks,  leaving  little  groups 
of  whitish  spores  against  the  dull  brown  exterior.  This  gives  a  very 
curious  speckled  appearance.' 


Fig.  53. — ckatebifokm  cultube  of  a  tei- 
chophyton  endotheix,'  on  eeench  peooe 

AGAE. 


'  See  footnote,  p.  79. 
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It  should  be  noted  that  on  English  proof  agar,  the  gi^owth  only 
slowly  appears  above  the  surface  of  the  medium,  and,  though  even- 
tually covered  with  powdery  spores,  it  never  becomes  crateriform 
(Blaxall). 

On  potato,  the  growth  forms  small  powdery  stars  of  a  pure  white, 
yellowish  white,  or  even  bright  yellow  colour.  On  these  colonies 
becoming  confluent  they  form  a  raised  surface  with  flat  top,  covered 
with  short  white  down.  Earely,  a  heaped-up  growth,  becoming 
crateriform,  is  seen. 

On  all  media  T.  endothrix  retains  its  vitality  for  many  months,  so 
that  a  subculture  has  been  made  at  the  end  of  a  year.  Blaxall 


Fig.  54. — culture  of  a  teichophyton  ectothkix,'  on  feench  peoof  agab. 

Obtained  from  a  case  of  pustular  ringworm  in  a  baby  eighteen  months  old, 
and  originating  in  a  oat. 


advises  the  use  of  a  considerable  quantity  of  the  growth,  and  it 
should  be  well  rubbed  into  the  surface  of  the  fresh  medium. 

Trichophyton  ectothrix  cultures  are  characterised  by  great  rapidity 
of  growth. 

On  French  proof  agar,  '  the  growth  commences  on  the  fourth, 
sometimes  even  on  the  third  day,  as  a  white  tuft,  soon  surrounded 
by  a  white  powder,  or  by  white  hyphas  covered  with  a  white  powder. 
The  earliest  appearance  is  a  httle  star  with  widely  diverging  rays. 


'  See  footnote,  p.  79. 
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with  central  pasteboard  opacity  as  in  the  case  of  T.  enclotlirix' 
(Blaxall).  Two  types  of  cultures,  at  a  later  stage,  are  represented 
(iigs.  54  and  55),  and  serve  to  illustrate  Sabouraud's  statement  that 
T.  ectothrix  is  always  of  animal  origin.  Though  such  source  cannot 
always  be  traced,  the  exact  resemblance  of  the  cultures  made  from 
diseased  human  hairs  to  those  made  from  conditions  of  ringworm 
found  in  the  cat,  horse,  &c.,  under  suspicion,  has  frequently  served 
to  prove  the  truth  of  Sabouraud's  view. 

Fig.  54  is  from  a  culture  derived  from  a  pustular  ringworm  of 
an  infant's  scalp,  known  to  have  originated  in  a  cat.  The  central 
mound  or  boss,  with  thick  radiating  branches,  looking  as  if  it  were 
'  iced '  all  over,  is  very  characteristic. 

Fig.  55  is  from  another  culture,  derived  from  a  child.  A  shght 
central  boss  may  be  seen  in  cultures  derived  from  the  horse,  but  in  the 
culture  shown  (also  said  to  be 
exactly  similar  to  that  from  a 
horse)  the  mound  is  absent, 
the  centre  being  furrowed  or 
corrugated. 

On  lootato,  the  growth, 
though  feebly  developed,  is 
distinctive  and  characterised 
by  dry  white,  powdery,  more  or 
less  discrete  colonies,  having 
a  tendency  to  curl  over. 

Microscopical  examination 
of  cultures. — For  this  purpose 
Sabouraud  advocates  the  use 
of  the  hanging  drop,  which 
demonstrates,  he  says,  many 
points  in  common  between  a 
great  number  of  the  tricho- 
phyta,  and  also  serves  to  distinguish  these  from  the  microspora, 
especially  in  regard  to  the  type  of  fructification. 

Hanging  drop.— T/ie  microsporon  culture  is  seen  to  have  a 
mycelium  composed  of  elongated  cells,  one  end  of  each  cell  being 
swollen  and  club-shaped,  the  other  end  narrow.  Further,  curved 
conidiophores,  bearing  a  row  of  pedunculated  knobs  arranged  some- 
what like  the  teeth  of  a  comb,  are  described  in  connection  with  fila- 
ments of  mycelium,  which  are  really  submerged  hyphte. 

'  See  footnote,  p.  79. 


Pig.  55. — cdltuhb  of  a  trichophyton 

ECTOTHEIX,'  on  FRENCH  PROOF  AGAE. 
The  culture  is  exactly  similar  to  that  from  a  horse. 
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The  trichophyta  present  a  simple  mycelium  witliout  any  dubbin 
o  Its  component  cells  being  visible.    On  examination  of  the  tng  L 
d  op,  after  an  mterval  of  a  few  days,  filaments  can  be  seen  springing 

and  thru  ""'"'Tl  ^r  ^"^  "'^^^  ; 
and  the  e  submerged  hyph^  then  give  rise  in  turn  to  a  series  of 

pedunculated  spores-arranged  on  opposite  sides  along  the  length  of 
the  filament,  which  is  hence  called  by  Blaxall  an  'Aaron's  rod  ■  The 
spores  may  be  nearer  together,  towards  the  end,  so  as  to  form  a 
more  or  less  closely  set  '  bunch  of  grapes.'  This  arrangement  of 
tiie  external  spores,  stated  by  Sabouraud  to  be  common  to  all  the 
trichophyta,  led  him  to  place  them  among  the  cryptogamic  family 
Sporotrichum,  genus  Botrytis.  But  this  appearance  is,  in  Blaxall's 
hyph^'  '"'"'^^  P^'°bably  due  to  an  interlacement  of  spore-bearing 

Chlamydospores.-Besides  the  last-mentioned  method  of  repro 
duction,  multilocular  spindle-shaped  bodies,  called  chlaviydospores, 
occur,  each  at  the  end  of  a  filament,  and.  they  are  especially  developed 
in  the  white  ectothrix  cultures.  They  have  never  been  seen  in  endo- 
thrix  cultures  by  Fox  and  Blaxall.  They  are  often  50  to  80  in  length 
Frequently,  also,  spirally  twisted  mycelial  filaments  are  seen,  which 
are  probably  sterile  hyphte. 

Impression  preparations  are  strongly  advised  by  Colcott  Fox  and 
Blaxall,  on  the  ground  that  the  aerial  hyph^  (where  alone  true 
fructification  should  be  looked  for)  cannot  properly  develop  in  a 
hanging  di'op.  These  authors  therefore  consider  that  the  appearance 
of  fructification  just  described  '  in  the  case  of  the  microsporon  is 
fallacious,  and  that  the  pedunculated  knobs  are  really  only  badly 
developed  hyphae.  They  have  conclusively  demonstrated,  by  means 
of  impression  specimens  from  plate  cultures,  that  all  known  true 
ringworm  fungi  have  their  aerial  fructification  developed  on  the  same 
plan,  viz.  a  central  rod  bearing  terminally  and  laterally  small  spores 
attached  by  a  short  pedicle,  the  so-called  '  Aaron's  rod,'  and  for  this 
reason  they  regard  the  microspora  and  trichophyta  as  belonging  to 
the  same  family.. 

Ghlamydosporcs,  as  above  described,  in  the  case  of  hanging-drop 
specimens,  are  also  well  seen  in  impression  preparations,  and  occur 
in  the  microspora  and  ectothrix,  but  never  in  endothrix,  cultures; 

Commensalism. — ^^In'  the  case  of  both  microspora  and  trichophyta, 
apparently  pure  cultures,  after  being  kept  some  time,  lose  their 
uniform  appearance,  little  white  tufts  of  down  being  seen  dotted  here 
and  there.    Sabouraud  has  distinguished  these  tufts  by  the  term 

'  See  p.  91. 
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'  cQmrncnsaU:  and  has  endeavoured  to  explain  their  presence  on  the 
hypothesis  of  their  being  processes  of  another  fungus,  intimately  and 
inextricably  associated  with  the  ringworm  fungus.  He,  with  other 
observers,  has  devised  various  methods  for  the  differentiation  of  the 
ringworrd  fungus  from  its  commensal.  Blaxall,  after  a  close  study 
of  the  subject,  by  means  of  plate  cultivations  made  according  to  the 
ingenious  method  mentioned  on  p.  75,  has  come  to  the  conclusion 
that  this  commensahsm  is  in  many  cases  but  a  pleo-morphism  of  the 
ringworm  fungus  itself,  that  the  little  white'  tufts  are  of  the  nature 
of  a  '  sport ;'  or,  possibly,  are  degenerative  forms,  and  not  processes  froni 
another  fungus.  M.  Bodin,  whose  careful  investigations  ought  also  to 
be  specially  mentioned,  has  independently  arrived  at  the  same  con- 
clusion. The  whole  subject  is  well  discussed  in  the  papers  by  Fox 
and  Blaxall.^ 

Favus 

Favus.- — This  disease  is  most  frequently  found  in  neglected 
children,  and  appears  to  be  far  commoner  in  Scotland,  and  Ireland, 
than  in  England.  The  scalp,  and  very  rarely  the  nails,  may  be 
primarily  affected,  spreading  from  the  scalp  to  the  face,  and  then  to 
the  arms,  and  body  generally.  It 
may  spread  down  the  oesophagus, 
and  in  one,  probably  unique,  case 
quoted  by  Crocker,  the  mucous 
membrane  of  the  stomach  was 
attacked.  The  entire  scalp  is  fre- 
quently covered  with  circular  yel- 
low patches,  called  scutula,  chiefly 
composed  of  the  parasitic  fungus 
causing  the  disease,  and  known 
as  Achorion  Schonleini.  Tbe 
scutulum  grows  more  rapidly 
at  the  periphery  than  in  the 
centre,  which,  remaining  some- 
what fixed  to  the  deeper  structures, 
becomes  depressed  and  cup-like. 
The  word  '  favus  '  refers  to  the  honeycomb-like  appearance  thus  pro- 
duced. The  odour  is  very  characteristic  and  '  mousey.'  Frequently 
a  hair  ^  may  be  seen  escaping  through  each  cup,  and  it  is  often 
decolorised  to  a  distance  of  about  one  centimetre  (f  in.)  beyond  its 
passage  through  this  cup.  The  root  of  the  hair  is  surrounded  by  a 
'  Brit.  Journal  Dermat.    Sept.  1896. 


Fig.  56. — achobion  schonleini  in  haib 

and  attached  scale.     x  240 

From  a  case  of  favus..  Stained  by  Adamsou's 
method. 
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scale  or  sheath  made  up  of  the  fungus  in  question.  The  presence  of 
the  Ac}w7-ton  Schdnlemz  in  the  scales  and  hairs  is  readily  demon- 
strated by  Adamson's  method,  men- 
tioned on  p.  77. 

Under  the  microscope,  the  organism 
is  seen  in  the  form  of  mycehal  filaments,, 
massed  together  in  the  hair  and  scales, 
where  they  are  especially  noticeable 
(fig.  56).  The  myceUum  consists  of 
jointed  rods ;  many  of  these  bear  a  re- 
semblance to  metacarpal  or  metatarsal 
bones,  and  in  between  two  such  elon- 
gated portions  more  spherical  cells  are 
often  seen.  The  filaments  themselves 
are  very  variable  in  their  width,  and  are 
often  sinuous.  They  frequently  split  up 
into  three  or  four  secondary  filaments, 
and  the  point  at  which  such  division 
occurs  has  been  named  the  'favic  tarsus,' 
owing  to  its  resemblance  to  the  tarsus  in 
animals  (Wurtz) ;  the  sheath  connecting 
the  filaments  together  making  up  the 
mycelium  is  scarcely  visible,  hence  the 
name  Achorion  {lit.  'without  integu- 
ment '). 

Cultivations— The  typical  appear- 
ance of  the  young  colonies  is  seen  in 
fig.  57,  drawn  from  a  culture  kindly 
placed  at  my  disposal  by  Mr.  Walter 
Severn.  They  are  circular  or  oval  in 
shape,  snowy  white  in  tint,  finely  pow- 
dered over  the  raised  surface  in  young 
cultures,  distinctly  wrinkled  in  older 
ones.  From  the  margin  fine  branches 
pass  out  in  a  radiating  direction.  In 
still  older  cultures  a  brownish  or  cafe- 
au-lait  tint  is  seen,  and  the  surface 
becomes  very  rugged,  or  more  or  less 
honeycombed  and  sponge-like.  The 
growth  is  most  rapid  at  30°-35°  C. ;  at 
10°-25°  C.  the  growth  is  extremely  slow, 
thus   differing  from   the  trichophyta, 


Fig.  57.  —  culture  of  favus 
(achoeion  schonleini)  on 
glycerine  agar. 

Between  the  younger  colonies,  at  the 
upper  and  lower  part  of  the  medium, 
are  seen  three  larger,  older,  wriulded 
colonies. 
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which  are  readily  cultivated  at  from  15°  to  20°C.  (see  also  p.  74). 
When  ^.rown  on  nutrient  gelatine,  Sabouraud  says  that  the  organism 
of  f avus  further  differs  from  the  trichophyta  by  its  power  of  hquefymg 
the  medium  in  three  or  four  days,  whereas  in  the  case  of  the  tricho- 
phyta hquefaction  only  commences  on  the  twelfth  to  fifteenth  day. 

\lthou^h  it  was  formerly  beheved  that  favus  was  always  ot 
animal  origin,  judging  by  the  identical  appearance  of  human  and 
animal  cultures,  Scabrazes,  and  also  Bodin,  have  demonstrated 
that  in  most  cases,  the  favus  which  develops  spontaneously  in  the 
mouse  is  different  from  that  of  man  (Wurtz).  By  inoculation  into 
animals,  e.g.  a  kitten's  ear,  the  disease  is  readily  produced. 

Favus  with  trichophytoid  lesions.— Sabouraud  states  that  m 
Prance  a  certain  number  of  the  circinate  patches  on  the  smooth,  skin, 
exactly  simulating  Tinea  circinata,  and  infections  of  the  hair,  simu- 
lating typical  kerion,  and  in  fact  indistinguishable  to  the  naked  eye 
from^hose  due  to  the  Trichophyta  endo-  and  ectothrix  respectively, 
are  really  due  to  the  organism  of  favus.  A  case  of  Tinea  circinata 
of  this  kind  has  been  recorded  by  Fox  and  Blaxall. 

Under  the  microscope,  these  fungi  appear  in  the  hair  either  as  the 
mycehal  forms  of  favus,  or  closely  resemble  typical  Trichophyton 
ectothrix. 

The  difficulty  in  diagnosis  is  further  increased  by  the  absence  of 
typical  favus  cups,  even  when  inoculated  into  animals. 

The  diagnosis  is,  however,  readily  and  certainly  made  by  means 
of  the  cultures,  which  are  quite  different  from  those  of  all  known 
trichophyta.  On  the  contrary,  they  resemble  the  various  species  of 
favus  already  known ;  and  in  addition  to  the  characters  previously 
enumerated  it  may  be  pointed  out  that,  whilst  the  addition  of  sac- 
charine bodies  greatly  favours  the  growing  of  the  trichophyta,  they 
do  not  seem  to  assist  in  the  development  of  favus  cultures,  which 
readily  assimilate  nitrogenous  material,  organic  or  otherwise,  in 
large  quantities.  The  mode  of  fructification,  so  typical  of  all  true 
trichophyta,  mentioned  on  p.  92,  is  never  seen  in  the  case  of  the 
cultures  derived  from  these  ringworm-like  lesions,  which  must 
therefore  be  included  under  the  name  of  favus. 
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LESSON  XIII 
PYOGENIC  OEGANISMS-SUPPUEATION 
The  organisms  of  suppuration  {par  excellence) 
A.— 1.  Staphylococcus  pyogenes  aureus. 


^'  albus. 


q 

"  M  eitreus. 

4.  Staphylococcus  cereus  albus.' 

^'  "  „  flavus.' 

B. — 1.  Streptococcus  pyogenes. 

2-  „  erysipelatis.2 

I.  Cultivations  of  A  (all  five  varieties)    (i)  Gelatine  streak. 

"         "  (ii)  Agar-agar  streak, 

0/  B  1 :     (i)  Gelatine  stab. 

"         >'  (ii)  Gelatine  streak. 

>'         "  (iii)  Agar- agar  streak. 

»         „  (iv)  Broth. 

II.  Stai7i  coverslips  oi    j^-      One  variety  only. 

IB  1.  From  both  fluid  and  sohd  media. 
.  (i)  With  carbol  fuchsin. 
(ii)  By  Gram's  method. 

Gram's  method,  for  film  preparations 
a.  After  drying  and  fixing  the  film  as  usual,  filter  on  to  it  anihn 
gentian- violet,  so  as  to  completely  conceal  the  coverslip.    After  five 
minutes,  pour  off  the  stain. 

/3.  Without  washing,  pour  on  Gram's  iodine  solution.^  Pour  off 
after  two  minutes  exactly. 

'  Non-pathogenic,  but  introduced  here  for  the  sake  of  completeness. 

-  Conveniently  mentioned  here  ;  though  pathogenic,  it  is  non-pyogenic ;  but 
it  is  probably  only  a  variety  of  S.  pyogenes.    See  p.  114. 

3  The  formula  for  Grain's  iodine  solution  is  :  iodine,  1  part ;  potassium  iodide, 
2  parts  ;  distilled  water,  300  parts. 
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y.  Without  washing,  place  the  covershp  in  a  watch-glass  full  of 
alcohol/  tontil  no  mme  violet  colour-  is  seen  to  come  cmay.  (N.B.  This 
does  not  mean  that  the  specimen  is  to  be  left  in  till  decolorised.)  No 
definite  time  is  given,  as  it  depends  so  much  on  the  thickness  of  the 
film,  and  it  may  be  necessary  to  transfer  the  coverslip  to  a  second  lot 
of  alcohol,  before  the  clouds  of  colour  cease  to  come  away.  Generally 
speaking,  the  average  time  is  from  five  to  ten  minutes. 

8.  Wash  in  water.  Dry  and  mount  in  xylol  Canada  balsam. 
Films  of  pure  cultures  cannot  be  counterstained,  of  course. 

In  the  case  of  pus,  sputum,  &c.,  after  washing  in  water  and  drying 
(stage  I,  supra),  the  films  should  be  counterstained  in  eosin  as  below. 

III.  Stain  pus  from  an  abscess,  or  from  a  case  of  '  Phlegmonous 

erysipelas : ' — 

(i)  With  Loffler's  blue,  or  carbol-fuchsin. 

(ii)  By  Gram's  method.    After  washing  and  drying  (stage  I, 

supra),  counterstain  with  five  per  cent,  watery  eosin, 
for  half  a  minute.  Wash  well  in  water,  dry  and  mount. 

IV.  Stain  sections  of  organs  containing  streptococci,  e.g.  the 

kidneys  of  a  rabbit  dead  of  acute  streptococcic  infection,  by 

(i)  Simple  stains,  Loffler's  methylene  blue,  or  carbol-fuchsin 

(see  below). 

(ii)  Gram-Eosin  or  Bosin-Gram-Weigert  methods.  Practise 

with  sections  cut  with  the  ether-freezing  microtome, 
and  also  with  those  obtained  from  tissues  previously 
imbedded  in  paraffin. 

SECTION-STAINING 

The  general  methods  for  section-staining  are  conveniently 
mentioned  here. 

I.  When  not  imbedded  in  paraffin,  but  cut  in  gum  ^  with  a  freezing 
microtome. 

They  may  be  stained  with  the  simple  anilin  dyes,  or  by  Gram's 
method  as  follows  : — 

Simple  staining 

1.  The  section  (generally  preserved  in  60  p.  c.  alcohol)  is  trans- 
ferred to  a  vessel  containing  distilled  water,  and  is  carefully  spread 
out  on  a  clean  glass  slide  insinuated  beneath  it. 

'  In  most  of  the  decolorising  and  dellydrating  processes,  e.g.  for  sections,  &c., 
unless  absolute  alcoliol  is  specially  indicated  in  the  text,  use  strong  methylated 
spirit,  which  will  be  found  equally  good,  and  far  less  expensive. 

-  For  the  methods  of  fixing,  hardening,  and  imbedding  tissues,  see  Appendix  B 
p.  273. 
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2  The  slide  and  section  are  removed  from  the  water,  and  the 
moisture  allowed  to  drain  away,  the  excess  of  water  being  mopped 
up  with  '  German  blotting-paper.'  The  section  can  then  be  gently  but 
hrmly  pressed  with  paper  to  the  slide. 

3.  Carbol-fuchsin,  or  Loffler's  blue,  is  filtered  on.  As  a  rule,  the 
Loffler  s  blue_  is  preferable.  After  ten  minutes,  in  case  of  carbol- 
fuchsin.  or  thirty  to  forty  minutes,  in  case  of  Loffler's  blue  wash 
rapidly  m  water,  drain,  dry  and  press  section  to  the  shde  with  blot- 
ting-paper. 

4.  Dehydrate  for  two  minutes  in  alcohol.    Drain  off  alcohol. 

5.  Clarify  in  xylol,  '  till  a  needle  placed  on  the  under  side  of  the 
slide  is  seen  through  the  section  as  clearly  as  if  nothing  intervened.' 

6.  Eapidly  drain  off,  and  absorb  with  blotting-paper,  excess  of 
xylol,  and  mount  in  Canada  balsam. 

The  organisms  are  more  intensely  stained  than  the  rest  of  the 
tissue,  which  has  a  similar,  but  fainter,  tint. 

Gram's  method  for  sections.— All  sections  to  be  stained  by  Gram's 
method  must  ha  passed  through  alcohol  before  going  into  anihn- 
gentian-violet.  The  organism,  unless  decolorised  by  Gram's  method, 
alone  remains  stained  violet,  the  rest  of  the  section  being  unstained. 
It  is  usual  to  counterstain  the  tissue  with  eosin,  this  being  known 
as  the  Gram-Eosin  method. 

'  Gram-Eosin '  method  of  staining  sections 

1.  The  section  is  placed  in  a  watch-glassful  of  alcohol,  and 
transferred  with  a  plated  metal  lifter  to  the  slide.  The  alcohol  is 
drained  off. 

2.  Anilin-gentian-violet  is  filtered  on,  and  after  ten  minutes  is 
drained  off  completely.  The  section  is  pressed  firmly  on  to  the  sUde 
with  blotting-paper, 

3.  Gram's  iodine  solution  is  poured  on.  After  three  minutes, 
exactly,  without  washing,  it  is  completely  drained  off,  and  if  the 
section  seems  loose,  it  is  pressed  again  to  the  slide. 

4.  Pour  on  alcohol.  Eenew  from  time  to  time,  till  no  7nore  colour 
comes  aivay  (see  p.  97).   Drain  off  alcohol,  and  place  the  slide  in  water. 

5.  Drain  off  the  water,  and  dry.  If  necessary,  press  section  to  the 
slide.    Counterstain  in  five  per  cent,  watery  eosin  for  ten  minutes. 

6.  Dehydrate  in  alcohol  for  two  minutes. 

7.  Clarify  in  xylol,  till  the  section  is  quite  translucent. 

8.  Drain  away,  and  mop  up,  excess  of  xylol,  and  mount  in  balsam. 
The  organism,  if  '  taking  the  Gram,'  is  of  a  violet  tint,  the  tissue 
being  pink. 
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'  Eosin-Gram-Weigert '  method 

1  Before  staining  in  anilin-gentian-violet,  counterstain  the  section 
(transferred  to  slide  from  distilled  water,  not  spirit  in  this  case)  m 

five  per  cent,  watery  eosin,  for  half  an  hour. 

2  Pass  through  alcohol,  and  then  filter  on 

3  Anilin-gentian-violet.  After  ten  minutes,  drain  completely,  and 
press  firmly  on  to  the  slide  ;  without  washing,  pour  on 

4.  Gram's  iodine  solution.  After  three  minutes  (exactly),  dram, 
and  press  firmly  on  to  the  slide. 

5.  Decolorise  in  anilin  oil,  dropped  on  to  the  shde,  renewmg 
the  oil  when  it  becomes  of  deep  blue  tint. 

6  When  no  more  blue  comes  away,  and  the  section  looks  quite 
pink,  remove  anilin  by  xylol,  to  prevent  excessive  decolorisation, 
and,  at  the  same  time  clarify. 

7.  Drain  off  xylol  and  mount  in  balsam. 

Carmine-Gram-Weigert 

1.  Stain  a  section,  removed  from  distilled  water,  for  half  an  hour 
in  nthium  carmine,  and  place  in  acid  alcohol  (containing  one  per 
Kjent.  HCl)  for  one  minute,  to  fix  the  carmine. 

2.  Wash  well  in  water,  to  get  rid  of  the  acid. 

3.  Pass  through  alcohol,  and  transfer  to 

4.  Anilin-gentian-violet,  Gram's  iodine,  anilin  oil  and  xylol,  as 
mentioned  above. 

Paraffin  sections  '  (cut  by  the  Cambridge  Kocking  Microtome). 

1.  Gleaned  coverslips  are  held  in  cornet-forceps,  a  minute  drop  of 
a  mixture  of  glycerine  and  egg-albumin  (equal  parts  ^)  is  placed  with 
platinum  loop  on  one  coverslip,  and  another  is  superposed  and  then 
separated,  so  as  to  get  an  extremely  thin  and  uniform  layer  on  each 
glass. 

2.  Tepid  water  is  placed  in  a  black  vulcanite  tray,  such  as  is  used 
by  photographers  for  quarter-plates. 

3.  The  paraffin  section  is  laid  gently  on  the  surface  of  the  water, 
using  the  point  of  a  needle,  or  a  pair  of  fine  forceps. 

4.  A  narrow  strip  of  cigarette  paper  is  gently  insinuated  under  the 
flattened- out  section,  which  is  then  caught  up.  The  paper,  section- 
side  down,  is  carefully  laid  on  tbe  prepared  coverslip,  which  has  been 
placed  on  a  pad  of  Germ.an  blotting-paper  to  prevent  it  breaking. 

'  See  Appendix  B,  p.  273. 
A  drop  or  two  of  formalin,  or  a  little  thymol,  should  be  added  to  prevent 
Ahe  growth  of  organisms. 

H  2 
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t).  •     ^''^  ^  P'"''"'^'  *^^°^^^h  the  cigarette-paper,  with 

he  pulp  of  the  middle  finger,  and  the  paper  is  then  peeled  off,  leavin. 
the  section  adherent  to  the  covershp.    The  water  is  drained  off 

^no^;  ^incT'f^^P     ^"P*  P^^^ffi^^  '^'^^'^^^^  (%•  58),  at  from 

&U  to  60  C,  for  ten  minutes,  and  then  placed  in  a  large  watch- 
glass  of  chloroform,  and  kept  covered  up  for  fifteen  minutes  If 
necessary,  a  second  quantity  of  chloroform  is  used;  and  this  will 
generally  be  found  advisable. 

7.  The  coverslip  is  placed  in  another  watch-glass  containing 
alcohol,  to  get  rid  of  the  chloroform.  If  flakes  of  paraffin  are  seen  on 
the  surface  of  the  alcohol,  the  coverslip  should  be  returned  to  a  fresh 


58. — A  Convenient  Foun  of  Paeaffin  Chamber 

The  little  saucepniis  with  spouts  ooutain  the  paraffin,  kept  melted,  ready  for  use,  by  the- 
unifoiTQ  temperature  of  the  water,  e.g.  53°  C,  in  the  copper  jacket  of  the  cupboard  below, 
in  which  the  parafflu  sections  may  be  placed,  as  directed  iu  the  text. 

lot  of  chloroform ;  and  then,  after  three  to  five  minutes,  placed  in 
alcohol. 

8.  Wash  in  water,  and  employ  methods  for  simple  stains,  or  the 
eosin-  (or  carmine-)  Gram-Weigert  method ;  or,  without  washing  in 
water,  filter  on  anilin-gentian-violet  and  stain  by  '  Gram-Eosin ' 
method.    (See  pp.  97-99.) 

Celloidin  sections '  (cut  by  Schanze's,  Jung's,  or  Minot's  micro- 
tome) .  are  generally  kept  in  60  p.  c.  alcohol  till  required  for  use. 
They  are  transferred  to  distilled  water  when  simple  stains  are  to  be- 
used,  or  placed  in  methylated  spirit  in  the  case  of  Gram's  method. 
A  clean  slide  is  insinuated  beneath  the  selected  section,  which  is. 


'  See  p.  274. 
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then  mounted  and  stained,  just  as  when  using  the  gum-heezmg 
method  (see  Appendix  B),  the  imbedding  material  (celloidm;,  not 
bein-  removed,  as  is  found  necessary  in  the  case  of  paraffin  sections. 


PATHOGENIC  ORGANISMS 

The  practical  importance  of  the  discovery  of  bacteria  in  diseased 
tissues  was  for  long  discounted  by  many  eminent  authorities,  who 
re'-arded  this  invasion  of  the  tissues  as  the  result,  and  not  the  cause, 
of  the  disease.  Even  the  constant  presence  of  the  Bacillus  tuberculosis 
in  phthisical  sputum— to  give  a  concrete  instance— was  considered  by 
many  wiiters  of  vast  clinical  experience  to  be  a  more  or  less 
accidental  association,  or  epi-phenomenon,  determined  by  the  more 
favoui-able  conditions  for  the  growth  of  the  organism  in  question  m 
tissues  of  which  the  normal  resistance  and  metabolism  had  been 
abeady  profoundly  modified  by  disease.  The  opposite  view,  in  which 
every  disease  is  explained  on  the  germ  theory,  is  equally  incorrect. 
The  truth,  as  usual,  appears  to  be  midway  between  these  ex- 
tremes. 

Certain  diseases  from  their  clinical  history  and  course  are  obviously 
parasitic  in  origin;  and  in  such  cases,  even  if  the  search  for  the 
organism  has  hitherto  been  unsuccessful,  we  may  safely  predict  its 
discovery  sooner  or  later.  Many  of  the  acute  specific  fevers,  and 
syphiHs.  are  instances  in  point.  As  regards  syphiHs,  Lustgarten 
has,  indeed,  already  described  a  special  bacillus  {Lustgarten' s 
bacillus),  but  though  further  confirmation  of  this  observation  is 
desirable,  the  course  of  the  disease  is  such  as  to  ma,ke  it  practically 
certain  that  its  microbic  origin  will,  ere  long,  be  clearly  demonstrated. 
So  for  the  acute  specific  fevers  referred  to  above.  And  the  same  is 
probably  true  for  certain  forms  of  malignant  disease  (see  p.  251). 

On  the  other  hand,  and  for  the  same  general  reasons,  it  appears 
equally  obvious  that  certain  diseases,  e.g.  many  of  those  arising  in 
connection  with  the  circulatory  and  nervous  systems,  are  not  parasitic 
in  nature.  In  such  cases,  any  associated  organisms  found  are  probably 
accidental  in  origin,  or  of  quite  secondary  importance. 

Before  a  micro-organism  can  be  considered  to  be  the  cause  of  a 
given  disease,  it  should  conform  to  the  four  well-known  tests,  or 
postulates  of  Koch — viz. : 

(i)  It  must  always  be  present  in  the  diseased  tissues. 

(ii)  It  must  be  capable  of  reproducing  the  disease,  when  injected 

into  a  susceptible  animal. 
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(iii)  It  must  be  recoverable  from  the  tissues  of  such  animal, 

and  be  capable  of  cultivation  on  artificial  media. 

(iv)  Such  cultures  must  be  capable  of  reproducing  the  disease, 

when  moculated  into  a  fresh  animal. 

Most  of  the  so-called  pathogenic  organisms  have  been  submitted 
to  these  tests  successfully,  e.g.  B.  tuher miosis. 

But  where  the  disease  in  man  is  not  communicable  to  animals 
complete  proof  of  the  specific  nature  of  the  organism  may  not  always 
be  possible. 

Sometimes  there  is  a  'mixed  infection,'  as  it  is  called.  One  of 
the  best  instances  of  this  double  infection  occurs  in  advanced  cases 
of  phthisis,  with  hectic  fever.  The  B.  tuberndosis  is  then  associated 
with  the  Streptococcus  pyogenes,  which  is  responsible  for  the  fever, 
and  may  actually  be  found  circulating  in  the  blood,  sometimes. 

When  we  remember  the  number  of  diseases  of  unknown  origin, 
and  realise  that,  for  their  rational  treatment,  the  cause  must  first  be 
found,  the  value  of  the  discovery  of  a  micro-organism  causing  a  single 
disease  can  hardly  be  over-estimated.  The  remarkable  results 
obtained  in  the  treatment,  both  curative  and  prophylactic,  of  animals 
experimentally  infected  with  certain  organisms,  e.g.  of  diphtheria 
and  tetanus,  should  be  a  great  encouragement  to  further  investigation. 

The  organisms  of  suppuration 

The  organisms  of  suppuration.— Although  numerous  organisms 
have  been  isolated  from  pus,  and  many  of  these  are  undoubtedly 
pyogenic  when  a  pure  culture  is  inoculated,  two  kinds  are  chiefly 
associated  with  this  process,  and  may  therefore  be  looked  upon  as 
the  organisms  of  suppuration,  piar  excellence — viz.  the  Streptococcus 
pyogenes,  and  the  cmreus  and,  to  a  less  extent,  the  albtis  and  citretis 
varieties  of  the  Staphylococciis  i^yogcnes  (fig.  59). 

According  to  statistics,  the  Stap)hylococcus  pyogenes  aureus  is  much 
the  commonest  cause  of  suppuration,  and  together  with  the  alhus  and 
citreus  varieties  occurs  in  acute  abscesses  generally  about  twice  as 
frequently  as  the  Streptococcus  p)yogenes ;  and  both  kinds  may  be 
present  in  the  same  abscess.  Further,  boils,  carbuncles,  and  osteo- 
myelitis are  most  frequently  due  to  the  Staphylococcus  aureus,  whilst 
puerperal  fever,  ulcerative  endocarditis,  and  pygemia  are  more  com- 
monly, but  by  no  means  exclusively,  caused  by  Streptococcus  pyogenes. 

It  may  here  be  convenient  to  recall  the  meanings  of  the  words 
sapr(Bmia,  septicmmia,  and  pycemia. 

Sapraemia,  or  septic  intoxication,  is  due  to  the  absorption  of  the 
chemical  products  of  septic  organisms  multiplying  locally  at  the  seat 
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of  the  ini„.y.  The  poison,  but  not  the  organism  n.anufacturi„g  it, 
is  in  the  Wood,  which  is  thei-efoi-e  'f;  .  j^^iea 

Septicemia,  or  septic  in  eotrnv,  is  dne  to  the  blood  being 
by  organisms  with  their  products.    These  may  be  so  -If  "^^^^^^^^^^^ 
as  to  cause  rapid  fatal  results  even  before  any  secondary  local  lesions 

«ltstfguishedfrom  septicaemia  by  the  development  of 
seconTa'  o  abscesses,  at  places  distant  frona  the  crw- 

om-ce  of  infection,  such  as  the  lymphatic  glands,  joints,  bones 
(m"Iulla  and  periosieum).  lungs,  liver,  &c.,-  to  which  the  orgamsms 
circulating  in  the  blood  have  been  carried.  _  _ 

To  examine  the  blood  in  a  case  of  septicaemia  or  pyaemia,  fi^n 
preparations  may  be  made  from  a  drop  of  blood  obtained  P-f 
the  finger.    The  skin  of  the  finger,  upon  which  a  variety  of  the 
Staphylococcus  pyogenes  albus,  S.  e^id^mAA^s  ^^f 
monly  resides,  must  have  just  previously  been  carefu  ly  BtenW 
scrubbing  with  soap  and  water,  turpentine,  1  m  20  carbohc  ac  d 
lotion,  methylated  spirit-to  get  rid  of  the  carbolic  lotion--and  finally 
ether  is  poured  over  it  to  get  rid  of  the  spirit.    After  allowing  the 
ether  to  evaporate,  the  finger-tip  is  quickly  stabbed  with  a  sterile 
needle,  and  the  films  prepared,  dried,  and  fixed  by  flammg  as  usual, 
or  by  holding  over  a  bottle  containing  a  solution  of  1  per  cent,  osmic 
acid.    Other  methods  are  mentioned  on  p.  240.    Simple  stammg,  or 
preferably,  the  Gram-Bosin  method,  may  then  be  employed  for 
demonstrating  the  presence  of  cocci  in  the  blood.  Frequently, 
however,  even  in  pronounced  cases  of  septicaemia,  there  are  so  few 
organisms  in  the  loopful  of  blood  used  for  the  film  that  such  a  stained 
preparation  may  show  nothing.  In  such  cases,  cultivations  of  the  blood 
should  be  made.    A  few  loopfuls  of  blood,  the  above  precautions  for 
sterihsing  the  skin  having  been  taken,  may  be  sufficient.    As  a  rule 
a  larger  quantity  is  required. 

Cultivations  of  the  blood  may  be  made  on  any  of  the  ordinary 
media,  but  glycerine-agar  is. the  most  convenient.  For  the  reason 
already  mentioned,  a  large  quantity  of  blood  should  be  used,  e.g.  3,  or 
5,  or  more  c.c.  Previously-poured,  large  '  plates  '  (p.  26)  may  be  em- 
ployed.   Boiling  tubes,  containing  20  c.c.  sloped  glycerine-agar,  will 

'  Prior  to  the  formation  of  actual  abscesses,  there  must  be  areas  temporarily, 
at  least,  in  a  condition  of  non-suppurative  inflammation,  due  to  secondary  deposits 
of  the  circulating  organism  and  the  local  manufacture  of  its  toxin.  Lesions  pro- 
duced by  general  infection  with  the  gonococcus  (p.  123),  for  instance,  may  never 
proceed  to  suppuration.  But  in  spite  of  this,  gonorrhoeal  arthritis,  endocarditis,  &c., 
ought,  perhaps,  to  be  considered  as  pyremic,  rather  than  as  septicemic,  manifestations. 
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be  found  very  convenient  and  more  portable  than  plates  A 

large  hypodermic  syringe  (5  or  10  c.c),  capable  of  being  st  ilised 

by  boihng,        necessary.     It  is  taken  direct  from  the  ste  mse' 

and  as  soon  as  needle  and  barrel  are  oonl  fKo  ^  , 

through  the  sterilised  skia  ■  iZl  v  So  su  h  t  '  the  " 

cephalic       ae.ed  p.„.i„e„t,  as  ioAooZZ^ 

prox,„ally  placed  bandage.  Five,  o.  more.  c.c.  can  then  belThdrawn 

Besides  the  yanet.ss  of  the  staphylococcus  and  streptococcus 
to  be  agam  referred  to.  the  following  are  amonpt  the  most  tapor: 
tant  of  he  orgamsms  which  have  been  isolated  from  pus ;  andTost 

rgtribtrt?:: ^:r*'"- '''^  '-'^  -'"^ 

Pnmmowccm  of  Talammv-Pranhd,  with  which  the  Uicroooccm 
femm.  also  found  in  pus,  is  thought  to  be  identical 

Dtplococcm  mirMdhdaris  „mii„gilidis  of  Weichselbaum  »  said 
to  be  present  m  the  interior  of  the  pus  cells  in  50  per  cent 
of  cases  of  epidemic  cerebro-spinal  meningitis.  It  is  decolorised  by 
Gram  s  method. 

Gonococcus  of  Neisser. 
Micrococcus  tetragonus. 
PneiimohacUlus  of  Friedldnder. 

Bacillus  aerogenes  capsulatus,  a  non-sporebearing,  and  encapsuled 
rod-shaped  organism,  as  thick  as  an  Anthrax  bacillus,  occurring  in 

>  If  done  suddenly  but  steadily,  taking  care  to  keep  the  point  of  the  needle 
of  the  10  C.C.  syringe  always  within  the  lumen  of  the  vein,  the  pain  is  barely 
perceptible,  to  judge  from  personal  experience. 

Intravenous  injection  in  the  case  of  animals  may  be  carried  out  on  the  same 
general  plan,  the  site  selected  for  inoculation  being  generally  one  of  the  prominent 
veins  near  the  lateral  margin  of  the  ear,  a  fine  hypodermic  needle,  however,  being 
necessary  (see  footnote,  p.  152). 

2  A  very  similar  diplococcus,  and  likewise  decolorised  by  Gram's  method  has 
been  shown  by  Dr.  G.  F.  Still  {Journ.  Path.,  and  Path.  Sac.  Trans.,  1898)  to  be  the 
cause  of  simple,  or  non-tuberculous,  posterior  basic  meningitis,  a  disease  chiefly 
occurring  within  the  first  year  of  life,  first  described  by  Drs.  Gee  and  Barlow  in 
1878;  and  afterwards,  more  fully,  in  1897,  by  Dr.  Garr,  and  by  Dr.  Barlow  and 
Dr.  Lees.  '  This  diplococcus,  easily  distinguished  from  the  pneumococcus  by  culture 
and  by  inoculation,  is  very  small,  averaging  in  the  meningeal  exudation  1-2  to 
1-5  The  two  cocci  of  which  it  consists  have  their  opposed  surfaces  more  or  less 
flattened,  and  are  separated  by  a  narrow,  clear,  space.  There  is  a  marked  tendency, 
especially  in  cultures,  to  grouping  in  pairs,  side  by  side,  producing  an  appearance 
like  that  of  a  tetracoccus.  Its  vitality  is  greater  than  that  of  the  pneumococcus, 
or  of  the  diplococcus  intracellularis,  but  it  is  less  virulent  than  either.'  (Still,  in 
AUchin's  Manual  of  Medicine,  vol.  i.,  1900). 


'  ASEPTIC  SUPPURATION ' 


105 


short  or  long  chains.  It  is  responsible  for  certain  cases  of  emphyse- 
matous gangrene,  where  there  has  been  bruising  of  the  tissues, 
followed  by  the  development  of  much  gas.    It  is  stained  by  Gram's 

method. 

B.  frodigiosus. 

B.  jyyocyaneits.    (See  p.  42.) 

B.  tuberculosis,  which  is,  however,  very  frequently  indeed  asso- 
ciated with  the  Stre]jtococcus  pyogenes. 

B.  typhosus,  and  B.  coli,  the  latter  being  the  cause  of  the^  fatal 
peritonitis  which  may  supervene  in  a  case  of  strangulated  hernia. 

B.  anthracis. 

B.  mallei  (Glanders  bacillus). 

Actinomyces— the  ray  fungus— is  often  associated  with  suppuration, 
and  in  cases  of  actinomycosis  it  may  be  obtained  in  pure  culture,  or 
mixed  with  the  Staphylococcus  pyogenes  aureus. 

The  Amceba  coli  (p.  249)  is  also  frequently  found  in  the  pus  from 
cases  of  tropical  abscess  of  the  liver,  associated  with  dysentery. 
In  this  connection,  however,  it  should  be  mentioned  that  it  is  now  well 
established  that  pus  from  liver  abscesses  may  be  sterile  on  cultivation. 
The  explanation  usually  given  is  that  the  pyogenic  organisms, 
having  done  their  work,  have  been  killed  (and  subsequently  dis- 
integrated) by  contact  with  bile,  which  has  germicidal  properties.^ 

'  Aseptic  suppuration.' — This  brings  us  to  the  vexed  question  as  to 
whether  suppuration  can  ever  be  produced,  e.g.  by  chemical  or  other 
agencies,  apart  from  the  presence  of  organisms.  It  is  obvious  that  the 
action  of  harmful  bacteria,  terminating  in  suppuration,  must  ultimately 
result  from  the  chemical  products  of  their  metabolism,  or  from  the 
chemical  materials  of  which  they  are  themselves  composed.  So  that, 
on  a  priori  grounds,  aseptic  supipuration  is  theoretically  possible,  and 
has,  in  fact,  been  experimentally  produced.  Needless  to  say,  the 
utmost  precautions  against  sepsis  have  to  be  observed  in  such  experi- 
ments, and  for  a  positive  result  it  is  necessary  to  select  both  the  ani- 
mal and  the  chemical  irritant.  Thus  mercury,  or  a  5  per  cent,  solu- 
tion of  silver  nitrate,  produces  suppuration  in  the  dog,  but  not  in  the 
rabbit,  whilst  ammonia  has  no  effect  in  either  (Hewlett).  Sterile  tm^pen- 
tine  (ni  xx),  injected  subcutaneously  in  the  case  of  a  young  subject,^ 
produced  a  local  necrosis  of  the  tissues,  the  '  abscess  '  containing 

'  See,  however,  Cantlie's  views,  p.  251. 

-  This  negative  result  is  otherwise  of  some  interest,  as  it  was  obtained  in  a  case 
of  typhoid  fever  (before  the  introduction  of  Widal's  sero-diagnosis  test).  The 
injection  was  made  by  the  author  in  the  hope  of  confirming  the  statement  that 
typhoid  bacilli  are  to  be  found  in  such  '  abscesses.' 
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neither  pus  ceUs,  microscopicaUy,  nor  organisms  of  any  kind,  as 
tested  by  culture.  ^  ' 

The  view  generally  held  at  present,  therefore,  is  that,  though 
aseptic  suppuration  may  be  produced  in  the  laboratory  by  iniectiL 
chemical  substances  under  certain  circumstances,  it  must  be  looked 
upon  as  a  pathological  curiosity  ratherthan  as  anormal  occurrence  In 
the  vast  majority  of  cases,  cHnically,  suppuration  results  only  from  the 
presence  of  micro-organisms. 

Staphylococcus 

There  are  at  least  five  well-known  species  of  staphylococci,  viz  : 
1.  S.  pyogenes  aureus. 

2-  „         albus— of  which  the  S.  ejndermidis  albus,  of 

Welch,  appears  to  be  a  variety 
(p.  108). 

3.  „  citreus. 

4.  S.  cereus  albus  ) 

_  _  non-pyogenic. 

5.  „    „  flavus) 

1.  Staphylococcus  pyogenes  aureus  is  widely  distributed,  being 
found  in  the  an:,  water,  and  soil.  It  occurs  normally  on  the  skin  and 
in  the  respiratory  passages.  It  is  the  commonest  cause  of  suppuration, 
and  is  met  with  in  acute  abscesses  (see  p.  102),  boils,  CE^rbuncles,  and 
osteomyelitis ;  also — but  less  commonly  than  the  Streptococcus  pyogenes, 
— in  septic  endocarditis,  puerperal  fever,  and  pyasmia.  In  the  last- 
mentioned  condition  the  organism  spreads  through  the  system  by  the 
circulation,  and  metastatic  abscesses  are  produced  in  various  bones 
and  joints,  the  lungs,  liver,  and  other  organs.  It  occurs  very  commonly 
in  tonsillitis,  especially  in  '  Septic  throats,'  alone,  or  mixed  with 
streptococci,  &c.  Cultures  from  diphtheritic  throats  very  frequently 
contain  staphylococci,  and  streptococci,  as  well  as,  of  course,  the 
characteristic  Klebs-Loffler  bacillus. 

Cultivations. — Gelatine  stab. — A  white  streak  appears  along  the 
track  of  the  needle  in  less  than  twenty-four  hours.  Liquefaction  of 
the  medium  occurs  rapidly ;  in  most  cases,  by  the  end  of  a  few  days. 
The  growth,  which  soon  assumes  an  orange  tint,  sinks  to  the  bottom 
of  the  tube.  A  variety  of  this  organism  does  not  liquefy  gelatine  ;  and, 
in  secondary  cultivation,  the  orange  colour  may  be  replaced  by  a  light 
buff,  or  dirty  white,  tint ;  so  that  distinction  from  S.  pyogenes  albus 
may  be,  at  first,  difficult. 

Agar-agar  streak. — The  colonies  are  discrete  and  circular,  and  of  an 
orange  tint,  especially  marked  in  the  raised  central  point.  The  colonies 
may,  however,  fuse  together  to  form  an  orange-coloured  streak.  The 
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Fig.  59 

STEEPTOCOCCUS       B.  STAPHYLOCOCCUS 
PYOGENES.  PYOGENES  AXJBETJS. 

X  1,000 

(Drawn  from  a  miorophotograph  lent  by 
Prof.  Sidney  Martin,  P.B.S, ) 


orance  colour,  often  more  pronounced  when  the  agar  has  been  kept  at 
20"C.!  may  disappear,  more  often  perhaps  than  is  the  case  with  gela- 
tine cultures  ;  in  fact,  transference 
from  agar  to  gelatine  may  restore 
the  orange  tint  to  some  degree. 

—The  growths  are  simi- 
lar in  appearance  to  those  seen  on 
agar-agar. 

Milk  is  rapidly  coagulated  (in 

a  few  days). 

Under  the  microscope,  with 
a  low  powpr,  a  finely  dotted  net- 
work can  he  made  out  occupying 
the  centre  field.  With  the  oil-im- 
mersion lens,  this  is  seen  to  be 
made  up  of  chains  of  cocci,  some 
single,  others  in  pairs,  or  in  longer 
chains.  The  most  characteristic 
groups,  however,  are  composed 
of  triangular,  pear-shaped,  or  diamond-shaped  masses  of  cocci 
(fig.  59  b),  often  arranged  in  a  series  of  planes,  lying  one  on  top  of  the 
other,  so  as  to  present,  on  focussing  up  and  down,  a  very  solid  appear- 
ance, compared  with  a  bunch  of  grapes  (crrac^vAi  a  bunch  of  grapes). 

The  size  of  the  cocci  varies  considerably  in  different  cultures  of  the 
same  varieties  of  organism  ;  and  active  multiplication,  indicated  by  the 
presence  of  elongating  ovoid  cocci,  obviously  undergoing  division, 
may  freqiiently  be  seen. 

The  pathogenic  properties  '  of  this  organism,  though  it  is  met  with 
so  universally,  may  be  very  simply  demonstrated  by  rubbing  a 
pure  and  virulent  culture,  e.g.  from  an  acute' abscess,  into  the  skin  of 
the  arm,  after  this  has  been  thoroughly  steriHsed.  A  crop  of  boils, 
from  which  the  organisms  can  be  recovered,' will  result.  Another 
familiar  instance  is  also  seen  in  the  boils  so  freqiiently  occurring  at  the 
back  of  the  neck,  when  the  skin  has  been  chafed  by  a  stiif  collar.  - 

The  effect  of  inoculating  susceptible  animals  with  the  staphylo- 
coccus pyogenes  aureus. — Eodents,  and  especially  rabbits,  are  the 
most  suitable  for  this  purpose. 

Subcutaneous,  or  even  intrapleural,  or  intraperitoneal,  injection  is 
frequently  followed  by  a  negative  result,  unless  the  tissues  indicated 
have  been  previously  injured,  or  the  circulation  damaged.    So  also  in 


'  Professor  Sidney  Martin,  in  1892,  showed  these  to  be  due  to  a  fever-producing 
albumose,  and  a  basic  body,  present  in  the  blood  and  spleen. 
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the  case  oi  intravenous  injection,  a  small  or  sub-fatal  dose  circulating 
in  the  blood  without  giving  rise  to  an  abscess. 

Where,  however,  the  culture  is  very  virulent  or  the  tissues 
damaged,  a  rapidly  fatal,  suppurative  inflammation,  or  general 
septicaemia  may  foUow  in  from  twelve  to  forty-eight,  or  seventy-two 
hours.  Such  a  condition  of  staphylococcic  infection,  or  staphylomy- 
costs,  spreading  through  the  lymphatics  so  as  to  reach  the  general 
circulation,  may  result  in  a  condition  of  staphylococcic  pytemia  or 
'  metastatic  staphylo-mycosis  '  (Bulloch). 

A  locahsed  abscess  results,  in  the  case  of  damaged  soft  tissues  ■  or 
suppurative  periostitis,  or  osteomyehtis,  in  the  case  of  bone.  The 
organisms  in  the  blood-stream  are  arrested  in  the  injured  tissue 
m  which  they  can  multiply  and  develop  their  poisonous  products 
more  favourably  than  when  they  are  fully  exposed  to  the  microbicidal 
effects  of  the  phagocytes,  plasma,  &c.,  in  the  circulating  blood 
Damaged  tissue  may  be  looked  upon  as  an  area  to  a  greater  or  less 
extent  deprived  of  its  normal  protective  mechanism.  • 

In  the  case  of  a  joint,  complete  destruction  of  the  articulation,  or 
even  death,  may  rapidly  supervene  upon  the  injection  into  it  of 
virulent  culture. 

Staphylococcus  pyogenes  albus.— Except  for  the  colour  remaining 
permanently  white,  instead  of  changing  to  an  orange  tint,  most  of  what 
has  been  said  of  S.  aureus  may  be  said  of  the  albus  variety.  Itis  perhaps 
less  frequent  than  S.  aureus,  but  in  cultures  taken  from  throats  of 
suspected  cases  of  diphtheria,  each  series  of  cases  extending  over  a 
period  of  two  or  three  months,  the  present  writer  has  sometimes  seen  the 
albus  variety  in  the  large  majority,  S.  aureus  being  practically  absent 
altogether.  According  to  Watson  Cheyne,  S.  albus  is  more  virulent 
than  S.  aureus,  the  reverse  opinion  having  been  generally  held 
hitherto.  Double  infection  with  the  two  varieties  is  thought  to  be  more 
serious  than  when  the  aureus  alone  is  present. 

Cultures  present  very  much  the  same  appearance  as  those  already 
described,  liquefaction  of  the  gelatine  generally  occurring,  but  it  may 
be  delayed,  or  entirely  absent.    The  colonies  are  opaque  white,  or 

'  This  is  a  point  of  practical  interest ;  and,  indeed,  it  is  for  tliis  reason  that 
the  authorities  at  the  Pasteur  Institute  at  Paris  so  strongly  condemn  the  practice, 
so  common  in  England,  of  applying  lunar  caustic — rather  than  the  antiseptics  in 
ordinary  use — to  wounds  resulting  from  the  bites  of  rabid,  or  supposed  rabid, 
animals.  Such  cauterised  tissue  forms  a  slough  in  which  any  virus,  yet  remaining 
in  the  deeper  part  of  the  wound,  may  thrive  to  a  dangerous  extent,  because  the 
slough  with  its  contained  virus  is  practically  non-vascular.  The  natural  defensive 
agencies  in  the  blood,  therefore,  carmot  reach  the  seat  of  infection,  until,  perhaps, 
too  late  to  be  of  any  use. 
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the  colony  being  more  opaque  than  the  periphery.    A  continuous 
stre4  may  be  produced  by  the  confluence  of  the  discrete  colonies. 

Itaph^io  occus  epidermidis  albus  (Welch)  is  thought  to  be  only  a 
less  vimlL  variety  of  S.  pyogenes  albus  ;  it  is  said  to  be  the  com- 
organism  found  on,  and  in.  the  sldn,  and  is  ^^^^<l^-XZeZ 
heahng  wounds.  It  has  distinctly  less  pyogenic  properties  t  hquefies 
celatine  more  slowly,  and  the  colonies  on  agar  are  generally  smaUer 
than  in  the  case  of  the  ordinary  variety,  S.  pyogenes  albus. 

It  is  the  cause  of  the  stitch  abscesses  so  commonly  seen  when  there 

has  been  excessive  tension.  .    .      i  x    i,  i 

Eemembering  how  commonly  it  and  the  other  varieties  of  staphylo- 
cocci occur  on  the  skin  normally,  the  need  for  careful  sterihsation  of 
the  integument  when  examining  the  blood  in  cases  of  septicaemia,  &c., 

must  be  obvious. 

Staphylococcus  pyogenes  citreus.-This  is  not  infrequently  seen 
in  septic  conditions  of  the  throat,  and  (associated,  of  course,  with 
Klebs-Loffler  bacilli)  in  diphtheria. 

Cultivations  on  gelatine,  agar-agar,  or  serum:  in  each  case  a 
pohshed,  lemon-yellow  growth  appears.  Gelatine  is  hquefied.  The 
organism  is  pathogenic  to  guinea-pigs  and  rabbits.  Apart  from 
the  colour,  its  cultures  on  the  different  media  are  similar  to  those  of 
the  S.  aureus  and  albus. 

Under  the  microscope,  it  is  indistinguishable  from  the  other  varieties 

of  pyogenic  staphylococci. 

Staphylococcus  cereus  albus.    Staphylococcus  cereus  flavus.— 

These  two  organisms,  though  found  in  abscesses,  are  apparently 
non-pathogenic,  to  judge  by  the  negative  result  of  inoculation 
experiments. 

Cultivations.  —The  general  aspect  of  the  cultures  which  are,  re- 
spectively, of  white  and  yellow  tint,  resembles  those  already  described, 
but  the  surface  of  the  colonies  on  gelatine,  instead  of  being  somewhat 
moist  and  ghstening,  are  dry  and  waxy  in  appearance,  and  have 
therefore  been  well  compared  with  drops  of  stearine,  or  of  sealing- 
wax.    Further,  the  gelatine  is  not  liquefied  in  either  case. 

S.  cereus  flavus  differs  from  the  corresponding  S.  pyogenes  citreus 
in  becoming  of  a  somewhat  darker  tint — citron — not  lemon-yellow 
colour.  But  this  distinction  is  not  always  to  be  readily  made  out  in 
sub-cultures. 

Under  the  microscope,  the  cereus  and  pyogenic  varieties  of  staphy- 
lococci are  identical  in  appearance. 
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Streptococcus 

This  organism  has  been  generally  divided  into  two  chief  species 
■called  Streptococcus  pyogenes,  and  Streptococcus  erysipelatis,  the  one 
being  concerned  in  producing  suppuration,  the  other  being  found  in 
■cutaneous  erysipelas.  There  is,  however,  a  considerable  amount  of 
evidence  m  favour  of  the  more  modern  view,  that  these  two  are  not 
distinct  species,  but  varieties  of  one  organism  which  have  acquired 
different  properties  according  to  their  virulence,  the  position  in  which 
and  the  conditions  under  which  they  have  been  grown  for  several 
generations  (see  p.  114). 

_  Postponing  the  discussion  of  this  question  for  the  moment,  we 
will  consider  the  ordinary  Streptococcus  pyoo-enes. 

Streptococcus  pyog^enes.— This  organism°is  found  in  the  acute 
forms  of  suppuration  (cf.  p.  103),  in  many  cases  of  acute  septicemia, 
pyaemia,  and  puerperal  fever,  in  septic  throats  associated  with  diphtheria^ 
in  suppurative  pleurisy  and  peritonitis,  bronchitis,  in  the  broncho- 
pneumonia following  measles,  scarlet  fever,  &c.,  and  as  a  secondary 
infection  in  phthisis.    The  febrile  condition  known  as  hectic  in  the  ' 

last-mentioned  disease  is  due  to 
the  presence  of  the  streptococcus, 
whicli,  in  advanced  cases,  may  be 
found  actually  circulating  in  the 
blood  (Jakowski).  It  may  be  found 
in  the  mouth,  and  respiratory  pas- 
sages    generally,    in  perfectly 
healthy  individuals  ;  and  although 
its  virulence  in  such  a  case  has 
been  so  completely  reduced  that  it 
is  perfectly  harmless,  by  repeated 
inoculations  into  a  series  of  sus- 
ceptible  animals,  preferably  the 
rabbit,  its  virulence  may  be  re- 
stored, so  that  such  an  animal 
may  be  killed  in  less  than  twenty-four  hours  with  a  very  small  dose. 
The  nature  of  the  chemical  products  formed  by  the  Streptococcus 
pyogenes  in  liquid  media- has  not  yet  been  accurately  made  out  (see 
p.  115).    In  spite  of  om-  ignorance  in  this  respect,  horses  and  other 
animals  have  been  immunised  against  infection  with  the  organism 
by  a  succession  of  sub-fatal  doses,  until  at  length  they  will  stand  as 

'  See  Dr.  Bulloch's  valuable  paper  '  The  role  of  the  Streptococcus  pyogenes  in 
Human  Pathology,'  Lancet,  April  11,  1896. 


Fig.  60. — Streptococci  in  pds,  peom  a 
CASE  of  Phlegmonous  Erysipelas. 
X  530. 


COLEY'S  FLUID 

much  as  a  thousand  ordinarily  fatal  doses,  or,  in  other  words  a  dose  a 
thousandth  part  of  which  would  kill  a  horse  not  treated  m  this  way 
Moreover,  the  animal  is  not  oiily  protected  from  the  effects  o  a  fatal 
dose,  but  its  blood-serum  in  the  same  way  is  a  powerful  prophylactic 
for  other  animals  and  man.  _ 

After  the  actual  onset  of  acute  septic  mischief  associated  with  the 
presence  of  the  Streptococcus  pyogenes,  e.g.  in  puerperal  fever  (when 
streptococcic  in  origin),  such  anti-streptococcus  serum  may  be  used  as 
a  curative  agent.  Bulloch  has  shown  that  an  animal  immunised 
Lcainst  the  Streptococcus  erysipelatis  is  also  immune  against  the 
Streptococcus  pyogenes-a  great  argument  in  favour  of  the  view 
that  these  two  organisms  are  really  identical. 

It  is  a  well-established  clinical  fact  that  a  sharp  attack  of 
erysipelas  has  a  marked  effect  in  checking,  sometimes  even  curing, 
associated  sarcomatous  disease. 

Coley's  fluid  is  made  by  growing  B.  ^jwdigiosits,  for  dhout  ten  days, 
in  a  ten  days'  old  broth  culture  of  very  virulent  Streptococcus 
erysipelatis.  The  fluid  is  sterilised  by  heating  to  60°  C.  for  an  hour, 
and  putrefaction  prevented  by  the  addition  of  thymol. 

It  has  been  used  with  apparently  permanent  success  in  a  few 
cases  of  sarcoma  and  carcinoma,  especially  spindle-cell  sarcoma. 
Many  failures  have,  however,  been  recorded,  and  it  mtist  also  be 
remembered  that  tumours  of  '  undoubtedly  sarcomatous  '  nature, 
clinically,  not  infrequently  entirely  disappear  spontaneously.  This 
treatment  is,  therefore,  best  suited  to  otherwise  inoperable  cases,  as  its 
author  insists. 

Cultivations. — (Streptococcus  pyogenes  and  erysipelatis)  — Gelatine 
^Icib. — The  growth,  which  attains  its  maximum  in  three  or  four  days, 
appears  along  the  track  of  the  needle  in  the  form  of  opaque  white 
spherical  dots,  about  the  size  of  an  ordinary  pin's  head.  There  is  no 
liquefaction  of  the  medium. 

Gelatine  streak. — The  growth  consists  of  minute  white  dots,  some- 
times compared  with  minute  dewdrops.  The  tube  should  be  held  up 
to  the  light  in  order  to  see  the  growth  well.  It  does  not  tend  to 
spread  laterally. 

The  variations  in  the  appearance  of  S.  pyogenes  and  S.  erysipelatis 
on  this  medium  are  too  slight  and  inconstant  to  be  of  any  diagnostic 
value. 

Agar-agar  streak.— The  colonies,  which  generally  appear  at  the 
end  of  twenty- four  hours,  present  much  the  same  white,  or  greyish, 
appearance  as  on  gelatine,  but  the  colonies  are  more  translucent  and 
less  easily  seen. 
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Blood  s.nm..-The  colonies  are  scattered  freely  over  the  surface 
and  are  somewhat  more  raised  than  on  the  other  media.    tL  dotted 
appearance  due  to  minute  white  colonies  is  very  characteristic 

r.n«  .        '  ^""^^  '""'^'^'^     '^-"^  °««^rs,  but  this 

passes  off  m  a  day  or  two,  the  growth  sinking  to  the  bottom  as  a  white 
deposi  leavmg  the  supernatant  fluid  quite' clear,  and  of  acid  reaction 
•       Milk  IS  coagulated  in  four  or  five  days'  time.    In  some  cases 
however,  no  coagulation  occurs. 

Under  the  microscope,  the  organism  is  seen  (figs.  59  a,  and  60)  to 
consist  of  cocci,  singly,  and  in  twos,  and  fours,  and  long  chains  the 
COCCI  being  arranged  in  Indian  file,  the  longer  threads  being  curved 
irregularly.  Such  elongated,  curvilinear  chains  are  frequently  better 
seen  m  liqmd  than  in  sohd  media  cultures.  They  are  also  well  seen 
m  pus  from  pyaemic  abscesses. 

Multiplication  generaUy  occurs  in  the  following  way  :  the  coccus 
elongates  in  the  direction  of  the  length  of  the  chain.    It  then  splits 
across  at  right  angles  to  that  direction,  and  so  two  cocci  are  formed. 
This  accounts  for  the  variation  in  the  size  of  individual  cocci.  The 
elongation  may,  however,  take  place  at  right  angles  to  the  direction 
of  the  thread,  and  the  sphtting  will  then  occur  in  the  direction  of 
the  length.    In  this  way  a  chain  of  streptococci  may  be  seen  in  part 
duplicated  (see  fig.  59  a).    In  addition,  a  chain  of  cocci,  arranged  in 
Indian  file,  may  here  and  there  become  spread  out  into  a  triangular 
mass,  thus  simulating  a  growth  of  staphylococcus;  and  when  the 
preparation  is  made  from  a  culture  on  a  solid  m'edium,  the  distinction 
may  occasionally  be  somewhat  difficult.    An  examination  of  the 
whole  field  in  the  case  of  streptococci  will  show,  however,  numerous 
short  or  long  chains  of  cocci  arranged  in  single  line.    In  the  case  of 
the  streptococcus,  also,  the  transference  of  the  growth  to  broth  will 
generally  result  in  the  production  of  long  thread-like  forms  which 
prevent  any  confusion  with  the  staphylococcus. 

Occasionally,  the  pneumo-cocms  occurs  in  more  or  less  elongated 
chains,  sometimes  curved  so  as  to  form  almost  a  complete  circle.  In 
pneumococci  chains,  the  cocci  are  arranged  in  pairs,  the  interval 
between  succeeding  pairs  being  greater  than  between  the  individuals 
of  each  pair.  In  the  case  of  streptococci,  the  individuals  follow  one 
another  closely,  no  distinction  into  pairs  being  evident,  as  a  rule. 

In  film  preparations  of  pus  (fig.  60),  from  an  acute  abscess, 
stained  simply,  or  by  the  Gram-Eosin  method,  the  streptococcus  may 
be  seen  in  pairs  or  short  chains  ;  occasionally  very  long  threads  are 
present.  Most  of  the  organisms  are  seen  to  lie  between,  or  on  the 
surface  of,  the  pus  cells  ;  but  a  good  many  cocci  are  contained  within 
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the  cells,  by  which  they  have  been  absorbed  in  a  living  or  dead 
condition  {phagocytosis). 

In  sections  of  the  viscera  from  an  animal,  e.g.,  a  rabbit  inoculated 
with  the  Streptococcus  pyogenes,  large  numbers  of  cocci  will  be 
found  in  the  blood  vessels,  in  places  massed  together  to  form 
thrombi.  In  the  tissues  around,  paler,  badly  staining  areas  of  necrosis 
may  be  seen. 

The  effect  of  inoculating  susceptible  animals,  e.g.  rabbits,  with  the 
Streptococcus  pyogenes  varies  considerably.  Thus,  'a  transient 
redness  at  the  point  of  inoculation  may  be  all  that  is  seen.  At  other 
times  there  may  be  a  severe  erysipelas,  or  a  phlegmon.  The  animal 
may  die  with  a  large  local  lesion,  or  death  may  ensue  from  a  rapidly 
fatal  septicaemia,  while  locally  nothing  may  be  found,  or  at  most  a 
shght  gelatinous-like  oedema.  It  is  also  known  that  streptococci 
from  severe  fatal  human  cases  may  have  only  a  slight  effect  on  the 
ordinary,  experimentally  susceptible,  animal  (mouse,  rabbit)  ;  whilst 
cocci  from  mild  cases  in  man  may,  from  the  outset,  be  extremely 
pathogenic  for  these  animals.'  ' 

Generally  speaking,  the  effect  of  inoculation  depends  upon  the 
source,  e.g.  whether  derived  from  a  case  of  erysipelas,  or  from  an  acute 
abscess,  and  upon  the  virulence^  and  the  seat  of  injection.  The 
addition  of  even  a  filtered  culture  of  typhoid  bacilli  greatly  exalts  the 
virulence  of  streptococci. 

Injected  into  the  marginal  vein  of  the  ear  (the  vein  usually  selected), 
a  virulent  culture  of  Streptococcus  pyogenes  may  cause  death  in 
twenty-four  hours,  or  even  less.  The  organisms  are  then  found  in  the 
heart  blood,  and  in  most  of  the  viscera,  liver,  spleen,  and  kidneys  ;  and 
in  preparations  of  these  organs,  they  are  seen  principally  in  the 
vessels. 

Injected  subciitaneously ,  S.  pyogenes,  and  still  more  the  S.  ery- 
sipelatis,  may  set  up  a  locahsed,  sharply  defined,  erysipelatous  rash, 
with  no  tendency  to  pus  formation.  In  cutaneous  erysipelas,  as  also 
in  this  experimental  result,  the  streptococci  will  be  found  in  the 
lymph  spaces,  and  in  the  dilated  lymphatics  within,  and  just  beyond, 

'  Bulloch,  Trans.  Brit.  Inst.  Prevent.  Med.,  First  Series,  1897. 

-  The  enormous  exaltation  in  virulence  obtained  by  passage  through  a  series  of 
rabbits  is  well  shown  by  Bulloch  (loc.  cit.),  who  obtained  from  a  bad  case  of  facial 
erysipelas  an  ascitic  fluid-broth  culture  of  streptococci,  of  which  the  minimal  fatal 
dose  was  originally  one-tenth  c.cm.  After  twenty-six  passages  through  animals, 
a  fatal  result  was  obtained  by  the  use  of  only  one  millionth  of  a  cubic  centimetre. 
Other  workers  have  confirmed  this  result. 
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the  sharply  defined,  red  margin,  i.e.  in  the  lymphatics  of  apparently 
healthy-looking  skin,  the  spread  of  the  rash  being  preceded  by  that 
of  the  organisms. 

Injected  into  the  cellular  tissues,  S.  pyogenes,  as  also  S.  erysipe- 
latis  under  favom-able  conditions,  such  as  passage  through  several 
animals  in  this  situation,  may  set  up  a  phlegmon,  or  phlegmonous 
erysipelas,  a  localised  but  distinctly  pyogenic  condition. 

Either  condition  of  streptococcic  infection,  or  strepto-mycosis,  may 
become  generahsed,  so  as  to  result  in  a  streptococcic  pyemia,  or,  as 
Bulloch  prefers  to  call  it,  a  metastatic  strepto-mycosis.  In  such  a 
general  infection  the  streptococcus  travels  along  the  lymphatics, 
thereby  setting  up  lymphangitis,  and  inflammatory  affections  of  any 
serous  membranes  in  its  path,  until  at  length  the  circulatory  system 
is  reached. 

Varieties  of  Streptococci  hitherto  described. — Six  species,  divided 
into  three  groups,  have  been  described.' 

Group  I.,  pathogenic  to  rabbits,  guinea-pigs,  and  mice,  includes 
the  StrejJtococcus  pyogenes,  S.  pyogenes  malignus  (isolated  by  Fliigge 
from  necrotic  foci  in  a  leucocythaemic  spleen),  and  S.  septicus. 

Group  II.,  non-fatal,  and  as  a  rule  non-pyogenic,  but  setting  up 
erysipelatous  affections  when  subcutaneously  injected  into  rabbits 
and  mice — includes  the  Streptococcus  erysipelatis  and  S.  septo- 
pyatmicus.    These  are,  however,  believed  to  be  identical. 

Microscopically,  Groups  I.  and  II.  are  not  to  be  distinguished. 

Group  III.  contains  only  one  species,  rapidly  fatal  to  rabbits  and 
mice  (but  not  to  guinea-pigs).  From  its  setting  up  a  general 
suppurative  arthritis,  after  intra-venous  inoculation,  in  the  case  of 
rabbits,  the  joints  being  distended  with  pus  teeming  with  thisorganism, 
it  is  known  as  the  Streptococcus  articulorum. 

Under  the  microscope,  it  is  distinguishable  from  Groups  I.  and  II., 
as  it  forms  long  threads,  made  up  of  numerous  segments,  each  con- 
sisting of  two  little  hemispheres,  with  a  deHcate,  clear,  intermediate 
zone.    It  was  isolated  by  Loffler  from  diphtheritic  throats. 

Relation  between  the  foregoing  varieties  of  Streptococci.— As 
abeady  indicated,  it  appears  to  be  highly  probable  that  these  varieties 
are  really  not  distinct  species.  Experimental  evidence  has  led  recent 
investigators,  notably  Dr.  Bulloch,^  to  regard  them  as  identical.  The 
author  last  quoted  concludes  that  there  are  '  four  main  factors  the 

'  Sims  Woodhead,  in  Treves's  System  of  S^irgery,  vol.  i.  pp.  27-29. 

-  The  r61e  of  the  Streptococcus  pyogenes  in  Human  Pathology,  Lancet,  1896. 
See  also  papers  by  the  same  writer  in  the  Reports  British  (now,  Jcnner)  Institute 
of  Preventive  Medicine,  1897-1898. 
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variations  of  which  determine  the  nature  and  extent  of  streptococcic 

^^''°r  The  first  and  most  important- ^/le  extraordinary  variability  in 
the  Mence  of  the  microbe.  From  the  streptococcus  harmlessly 
inhabiting  the  mouth,  we  may  pass  experimentally  through  a  1  stages 
of  virulence,  tiU  we  obtain  an  organism  of  such  exalted  virulence  as 
to  be  capable  of  producing  a  rapid  and  general  mfection.  (Uac- 

terisemia.)  ^  ,    .  .  ,  •  j 

'  2  A  variation  in  the  site  and  depth  of  the  mfection  produces 
a  difference  in  the  nature  and  severity  of  the  lesion.  This  seems 
-to  explain  why  at  one  time  an  erysipelas  is  developed,  and  at  another 

-time  a  phlegmon. 

'  3.  Varying  resistance  on  the  part  of  the  body,  e.g.  the  severe 
streptococcic  lesions  met  with  in  advanced  cases  of  diabetes  and 
Bright's  disease. 

'  4.  The  association  of  Streptococcus  pyogenes  loith  other  microbes, 
pathogenic  and  non-pathogenic.  Such  mixed  infections  are  con- 
veniently termed,  by  Verneuil,  polymicrobic  infections. 

Most  interesting  observations  have  been  made  in  confirmation  of 
i;he  second  statement,  all  tending  to  prove  the  identity  of  the  Strepto- 
■coccus  erysipelatis  with  S. pyogenes.  S.  erysipelatis,  if  inoculated  sub- 
■cutaneously,  sets  up  erysipelas,  and  is  usually  non-pyogenic.  But  after 
repeated  injections  at  greater  depths,  it  at  length  acquires  pyogenic 
properties,  giving  rise  to  suppuration,  and  not  to  erysipelas.  The 
converse  experiment  has  also  been  successful. 

Further,  Bulloch  has  shown  that  an  animal  immunised  against 
-the  one  species  of  streptococcus  is  immune  also  against  the  other. 

The  exact  nature  of  the  products  secreted  by  the  streptococcus, 
though  presumably  a  soluble  and  very  powerful  poison,  is  not  yet 
known.  Filtrates  of  anaerobic  broth  cultures  are  said  to  have  proved 
fatal  to  rabbits.  These  animals  have  been  rendered  immune  by 
injecting  filtered  cultures  previously  heated  to  120°  C.  (Eoger). 
•Gradually  increased  doses  of  living  cultures  should,  however,  be  used 
in  preference  to  the  filtered  toxine. 

'  See  second  footnote,  p.  113. 
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LESSON  XIV 

THE  OEGANISMS  OP  PNEUMONIA,  GONOERHCEA,  &C. 

A.  Pneumococcus  of  Talamon-Frankel 

B.  Pneumo-bacillusofFriedlander 

C.  Gonococcus  of  Neisser 

D.  Micrococcus  tetragonus 

I.  Ctdtivations 

of  A.  The  Pneumococcus,  on  (i)  Gelatine  streak   (no  growth 

below  24°  C). 
(ii)  Blood-agar  streak  (i.e.  Glyce- 
rine  agar  streaked,  under 
aseptic    precautions,  with 
blood,  and  kept  at  37°  C.  for 
twenty-four  hours,  to  see  if 
it  is  sterile  before  use), 
(iii)  Blood  serum.       (iv)  Broth, 
of  B.  The  Pneumo-bacillus  on  (i)  Gelatine  stab. 

(ii)  Gelatine  streak.        (iii)  Agar-agar  streak, 
of  G.  The  Gonococcus  in  pus  on  (i)  Blood-agar  (made  as  above). 

(ii)  Blood  serum. 

of  D.  Micrococcus  tetragonus,  on  (i)  Gelatine  stab, 
(ii)  Gelatine  streak.        (iii)  Agar-agar. 

(iv)  Potato. 

II.  Stain  coverslijjs 

oik.  f(.  Culture:  (i)  with  carbol-fuchsin. 

(ii)  by  Gram's  method. 
/3.  Pneumonic  simtum.    Use  the  Gram-Eosin  method, 
of  B.  Culture  :  (i)  with  carbol-fuchsin. 

(ii)  by  Gram's  method  (Film  decolorised), 
of  C.  Culture,  or  ims  :  (i)  with  Loffler's  methylene-blue,  for  five 

to  ten  minutes,  and  wash  welL 
(ii)  with  Lofifler's  methylene-blue,  for 
one  minute,  and  wash  till 
most  of  the  blue  disappears. 
Counter  stain,  for  twenty  to 
thirty  seconds,  in  watery  eosin. 
Wash,  dry  and  mount, 
of  D.  Ctdture  :  (i)  with  carbol-fuchsin. 

(ii)  by  Gram's  method. 
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The  Pneumococcus 

Pneumococcus  of  Talamon-Prankel.— The  cause  of  acute  croupous 
pneumonia  is  now  known  to  be  a  diplococcus,  which  has  been  given 
many  names,  as  the  following  hst  wiU  indicate  : 

Diplococcus  pneitmonia}  of  Weichselbaum. 

Micrococcus  lanceolatus  of  Talamon. 

Micrococcus  of  sputum  scpticcBmia  of  Frankel. 

Microbe  cle  saliva  of  Pasteur. 

Micrococcus  Pasteuri  of  Sternberg,  or  Stcrnlercfs  micrococciLS. 

Priedlander's  pneumo-bacillus  was  at  one  time  credited  with 
being  the  cause  of  pneumonia,  but  this  organism  appears  to'  be  the 
real  cause  in  only  a  small  minority 
of  cases.  In  Vienna,  at  one  time, 
7  per  cent,  of  the  cases  were 
thought  to  be  primarily  due  to 
Friedlander's  pneumo  -  bacillus, 
whilst  85  per  cent,  were  attributed 
to  the  pneumococcus  of  Talamon- 
Prankel,  the  remaining  8  per  cent, 
of  cases  being  due  to  various 
other  organisms,  e.g.  strepto-,  and 
staphylo-cocci,  B.  typhosus,  B. 
anthracis,  &c. 

Most  modern  writers,  however, 
appear  to  agree  that  the  great 
majority  of  cases  of  acute  croupous 
pneumonia  are  primarily  due  to  the  pneumococcus  of  Talamon- 
Frankel,  the  other  organisms  above  mentioned  playing  only  a  secondary 
part.  The  pneumococcus  is  also  responsible  for  some  cases  of 
lobular  pneumonia,  but  the  majority  are  caused  by  other  bacteria, 
notably  the  streptococci  (Washbourn). 

The  pneumococcus  was  first  isolated  from  the  interior  of  the 
healthy  mouth. 

If  the  sputum  from  a  case  of  acute  lobar  or  croupous  pneumonia 
be  examined,  it  v^ll  be  found  teeming  with  pneumococci ;  and  if  a 
loopful  is  mixed  up  with  a  little  broth  and  injected  subcutaneously 
into  a  guinea-pig  or  mouse,  death  may  occur  in  less  than  twenty-four 
hours,  with  a  serous  exudation  into  the  peritoneal  and  pleural 
cavities,  from  which  exudation,  as  also  from  the  heart  blood,  pure 
cultures  can  readily  be  obtained. 

Cultivations. — Gelatine  stab. — There  is  no  growth  in  this  medium 


Fig.  61.— diplococcus  pneumoniae  in 
pletthitic  exudation.     x  925 
From  mouse  inoculated  with  rusty  sputum. 
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below  24°  C,  forming  a  very  marked  contrast  to  the  exuberant  and 
characteristic  culture  obtained  in  the  case  of  Friedlander's  pneumo- 
bacillus. 

Gelatine  streak  or  jdates. — Owing  to  the  low  temperature  requisite 
for  this  medium,  the  growth  does  not  ordinarily  occur  at  all.  The 
pneumococcus  can,  however,  be  grown  at  25°  C.  if  the  gelatine  in  the 
medium  is  raised  to  120  per  cent.  Under  these  conditions,  the  colonies 
are  sharply  defined,  very  slightly  raised,  white,  and  finely  granular 
points.    There  is  no  liquefaction  of  the  gelatine. 

Glycerin  agar-agar. — The  colonies  appear  as  discrete,  white  points 
dusted  over  the  surface  of  the  medium.  At  first  they  may  be  seen 
only  with  considerable  difficulty,  best  by  inclining  the  surface  of  the 
medium,  so  as  to  obtain  obhque  illumination.  They  are  more  minute, 
and  less  raised  from  the  surface,  than  those  of  the  Streptococcibs  2)yogenes. 
or  erysipelatis. 

Blood  agar-agar. — This  medium,  which  is  one  of  the  most  favour- 
able for  the  growth  of  pneumococcus,  is  made  from  the  preceding  by 
the  addition  of  a  few  loopfuls  of  blood  taken  from  a  finger  prick, 
after  previous  sterilisation  of  the  skin,  or  from  an  animal  immediately 
after  death.  The  tubes,  prevented  from  drying  by  rubber  caps,  are 
placed  in  the  incubator  at  37°  C.  for  three  days  ;  if  they  remain 
sterile,  they  then  are  ready  for  use.  The  colonies  on  this  medium  are 
similar  to  those  already  described,  except  that  the  whiteness  of  the 
growth  is  obscured  by  the  surrounding  blood.  Should  there  be  any 
moisture  collected  in  the  bottom  of  the  tube,  capsulated  organisms 
may  frequently  be  obtained,  even  in  cultirre. 

Blood  serum. — This  is  also  a  very  favourable  medium.  The  growth 
consists  of  minute,  slightly  raised,  white  colonies  dotted  over  the 
surface  of  the  medium.  There  is  little  or  no  tendency  for  individual 
colonies  to  increase  in  size,  as  in  the  case  of  some  other  organisnas — 
e.g.  B.  diphthericB,  which  might  possibly  be  mistaken  for  the  pneumo- 
coccus at  the  very  early  stage.  Capsulated  orgaiiisms  may  be  obtained 
from  the  clear  serum  collected  at  the  bottom  of  the  tube  in  many  cases. 

5ro^/i.— Turbidity  due  to  growth  appears  after  twelve  hours' 
incubation  at  37°  C.  Subsequently  the  medium  becomes  clear  as  the 
growth  becomes  deposited  at  the  bottom  of  the  tube.  Washbourn, 
who  has  recently  made  an  extensive  study  of  this  organism,  recom- 
mends '  that  nutrient  broth  should  be  sterilised  at  a  temperature  not 
exceeding  60°  C.  He  insists  upon  the  great  importance  of  having  a 
strictly  alkaline  medium. 

Potato. — No  growth  occurs.    Milk  is  coagulated. 

'  Trans.  Path.  Soc,  London,  1895. 
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Vitality  and  virulence.-The  organism  shows  the  greatest 
varilb  iS  m  regard  to  its  vitahty,  agar  cultures  generally  dying  w.thxn 
rweek  and  those  of  broth  within  two  or  three  days.  Washbourn 
^ntts  exceptional  instances  where  broth  -Itiv^^-^' » 
days  old,  injected  into  the  peritoneal  cavity,  produced  death  m  four 
days,  the  blood  being  crowded  with  pneumococci ;  and,  in  the  case  of 
agar,  the  gi'owth  was  found  to  be  alive  after  sixty-four  days. 

6n  blood  agar,  however,  the  organism  generally  grows  well  and 
maintains  its  vitality  and  virulence  for  at  least  fi%  days. 

To  ohtam  cultivations  from  the  human  subject,  the  best  method  is 
to  inoculate  mice  or  rabbits  with  material,  such  as  rusty  sputum, 
containing  cocci.  The  animal  dies  after  a  variable  time  m  the  case 
of  mice  and  rabbits,  inoculated  intraperitoneally  in  from_  about 
twenty-four  to  thirty-six  hours,  from  pneumococcal  septicaemia. 
Pi-om  the  blood  di-awn  off  in  a  sterihsed  pipette  from  the  heart, 
through  an  area  previously  scarified,  cultivations  can  readily  be 

obtained  (see  p.  120). 

Under  the  microscope,  the  organism  is  seen  m  the  form  ot  cocci, 
arranged  singly,  in  pairs,  in  strings  of  four,  and  in  long  chains  which 
are  not  unlike  those  of  streptococci ;  but,  on  closer  examination,  the 
cocci  forming  the  chain  which  may  be  arranged  circularly,  are  seen 
in  pairs,  the  pairs  being  separated  by  intervals  greater  than  that  which 
exists  between  the  individuals  of  each  pair. 

The  shape  of  the  cocci  in  sputum,  blood,  or  serous  exudation,  is 
generally  distinctly  lanceolate,  each  coccus  being  drawn  out  like  the 
flame  of  a  candle  (fig.  61),  the  pointed  extremities  of  each  pair  looking 
in  opposite  directions.  This  lance-shaped  appearance  is  not  always 
obvious  in  the  cocci,  and  in  cultivations — as  a  rule — is  wholly  lost, 
the  organism  being  quite  rounded  or  only  sUghtly  elongated.  In  the 
natural  secretions  and  exudations,  also,  the  pneumococcus  is  encap- 
suled,  two  or  four  cocci  being  surrounded  by  a  quite  homogeneous 
sheath  or  capside,  which  has  more  the  appearance  of  a  '  halo  '  than  a 
definite  capsule ;  that  is  to  say,  the  cocci  are  seen  in  the  stained  pre- 
parations to  lie  in  small  oval  clear  spaces,  which  are  outlined  by  the 
counter-stain  ;  e.g.  eosin,  if  the  Gram-Bosin  method  is  employed.  This 
halo-like  appearance  is  lost  in  the  case  of  cultures,  the  organism 
being  then,  for  the  most  part,  a  distinct  coccus  ;  but  where  there 
is  a  collection  of  serum  or  fluid  at  the  bottom  of  the  two  (as  in  the 

'  An  easier  and  still  more  successful  method  is  to  completely  fill  the  bulb  of  a 
large  pipette  (fig.  62)  with  blood  infected  with  pneumococci.  After  seaUng  both 
ends  of  the  bulb  (leaving  no  air  behind),  it  is  kept  in  a  dark  cupboard  until  required 
for  use. 
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quentW  be'oir""^'  T^P-^-^^^  -ganisr^s  mav  not  infre- 
quently be  obtaxned  even  from  cultures.  If  a  pure  culture  be 
injected  mto  a  susceptible  animal,  the  rounded  un- 
encapsulated  cocci  are  replaced  in  the  serous  exudation 
and  blood  of  the  animal  by.  the  more  typical  lanceolate, 
encapsuled  organisms. 
I  I  pneumococcus  is  well  stained   by  Gram's 

g  g  method,  whereas  the  pneumo-bacillus  of  Friedlander 
g  I     IS  decolorised  thereby. 

§  J         Inoculation  of  animals.-Mice,  rabbits,  and  guinea- 
°  1     IT  ""'I  ^^^^  susceptible,  especially  the  first  twoof  these. 
I  I      Ihe  effects  of  inocula,tion  have  already  been  indicated, 
^  I      death  occurring  after  the  use  of  a  verv  virulent  culture  in 
g  .      from  twelve  to  twenty-four  hours  from  even  very  minute 
^  I      doses  ;  but  it  may  not  take  place  for  several  days,  or 
«  |_g    perhaps  even  weeks,'  if  the  sputum,  or  other  secretions 
H  II   exudations,  &c.,  be  used.    Usually,  however,  a  medium- 
I  1 8    sized    guinea-pig,    inoculated    with    a  little  rusty 
^         sputum,  dies  within  forty-eight  hours.    After  death, 
little  or  no  change  may  be  observed  in  the  subcutaneous 
tissues  into  which  the  serum,  &c.,has  been  injected;  but, 
in  the  peritoneal  and  pleural  cavities,  clear,  serous,  or 
blood-stained  exudations  are  present,  a  variable  amount 
of  lymph  being  seen  covering  the  peritoneum  over  the 
liver  and  great  omentum.    There  may  be  no  obvious 
^         naked-eye  change  in  the  appearance  of  the  viscera. 
»  I      They  may,  however,  be  considerably  congested,  e.g.  the 
I  I     lungs.    On  examination  of  the  blood,  and  the  exuda- 
tions mentioned,  the  encapsuled  organism  may  be  seen 
frequently  in  large  numbers. 

Method  of  examining  the  heart's  blood.— The  heart 
being  exposed  aseptically,^  a  small  area  of  its  surface 
_      is  scarified  with  a  heated  iron,  or  glass  rod.   The  fused 
^  g      lower  extremity  of  a  sterihsed  pipette  (fig.  62)  is 
^  ^      rapidly  nipped  off  between  finger  and  thumb,  passed 
I      quickly  through  the  Bunsen  flame,  and  then  pushed 
through  the  scarified  heart  wall  into  its  interior,  the 
heart  being  held  steady  with  sterile  forceps.    Blood  at 

'  For  instance,  when  the  sputum  used,  though  still  containing  pneumococci,  has 
teen  taken  several  weeks  after  the  crisis  has  occurred,  by  which  time  the  virulence 
of  the  organisms  has  diminished  considerably. 

^  Por  further  details  see  p.  152,  et  seq. 
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once  runs  up  the  fine  capillary  tube,  and  may  be  sucked  up  so  as 
to  fill  the  bulb  seen  below  the  mouthpiece.  The  constriction  of 
the  tube  above  the  bulb,  and  the  wool  plug  in  the  mouthpiece, 
minimise  the  risk  of  infected  material 
being  drawn  into  the  mouth.  Cultures 
can  be  at  once  made  by  blowing  a  few 
drops  of  the  blood,  &c.  into  a  tube  of 
medium.  Films  may  be  prepared  by 
letting  a  minute  drop  fall  on  to  a  clean 
coverslip  held  in  cornet  forceps.  A 
second  coverslip  is  appHed  to  the  first, 
and  the  two  rapidly  drawn  apart,  dried 
and  fixed  as  usual.  They  may  be  stained 
with  carbol-fuchsin,  or  Loffler's  blue,  or 
by  the  Gram-Bosin  method. 

Immunity  against  the  effects  of  viru- 
lent cultures  has  been  successfully 
obtained  in  the  case  of  susceptible 
animals,  by  previously  inoculating  them 
with  attenuated,  or  with  filtered  cul- 
tures. The  serum  from  such  immunised 
animals  is  protective  and  curative  for 
other  animals.  When  mixed  with  a  cul- 
ture of  pneumococci,  the  serum  causes 
them  to  aggregate  into  clumps,  as  in 
Widal's  sero-diagnosis  of  "typhoid  fever. 


Friedlander's    pneumo  -  bacillus. — 

This  organism,  to  which,  formerly,  was 
ascribed  a  role  at  present  credited  to  the 
pneumococcus  of  Talamon-Prankel  in 
the  causation  of  croupous  pneumonia,  is 
now  known  to  play  only  a  secondary  part 
in  most  cases.  It  occurs  in  the  sputum 
and  exudations  in  cases  of  pneumonia  ; 
in  certain  throat  affections;  and  oc- 
casionally, also,  in  the  saliva  of  healthy 
individuals.  From  its  appearance  in  the 
earliest  cultivations  which  were  made, 
it  was  thought  to  be  a  coccus,  and  so  it 
went  by  the  name  of  Friedlander's  pneu- 
mococcus, a  term  still  used,  rather  un- 


FiG.  63. — feiedlander's  pnetjmo- 

BACILLUS.  GELATINE  STAB-CtTL- 
TDEE  SHOWING  THE  TYPICAL 
NAIL-HEAD  APPEARANCE  AND  THE 
EOEMATION  OF  GAS-BUBBLES,  NOT 
ALWAYS  PRESENT. 
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fortunately,  by  some  modern  writers.  There  is  no  doubt,  however, 
that  this  organism  is  a  bacillus  (fig.  64),  though  cocci-like  forms  may  be 
seen  in  young  cultures,  associated  with  the  short  rods  which  make  it 

up.  It  differs  from  the  diplococcus 
pneumonias  not  only  in  its  shape, 
but  also  by  the  fact  of  its  being 
decolorised  when  treated  by  Gram's 
method,  and  still  more  notably  by 
its  comparatively  exuberant  growth 
on  various  media,  such  as  nutrient 
gelatine,  potato,  &c. 

Cultivations. — Gelatine  stab. — 
The  organism  forms  a  typical 
'  nail '  culture  (fig.  63),  the  surface 
growth  being  excessive  and  raised 
into  a  moist,  and  white,  or  porce- 
lainous  knob,  or  '  head  ; '  whilst 
the  growth  in  the  depth  consists 
of  a  collection  of  white  colonies  grouped  together  into  a  column 
gradually  tapering  to  a  point  at  its  lower  extremity.  Not  infrequently, 
as  in  the  illustration,  gas  bubbles  are  formed ;  but  no  liquefaction  of 
the  gelatine  occurs.  According  to  Crookshank,  the  nail-shaped  culti- 
vation is  not  always  produced. 

Gelatine  streak. — A  copious,  moist,  white,  raised  growth  appears 
early  on  the  surface,  in  striking  contrast  to  what  is  seen  in  the  case 
of  the  true  pneumococcus. 

Agar-agar  streak. — A  similar  white,  moist,  growth  is  seen  on  the 
surface. 

Potato,  and  blood  serum. — Copious  growths  occur  on  both  media, 
greyish- white  in  colour,  in  the  case  of  serum ;  white  and  glistening, 
in  the  case  of  potato. 

Broth  quickly  becomes  turbid.    Milk  is  coagulated. 

Under  the  microscope,  the  organisms  appear  as  cocci,  and  very 
short  bacilli,  to  which  the  term  cocco-bacilli  might  be  applied  in 
many  cases,  as  they  appear  to  be  merely  elongated  cocci.  Longer 
rods  also  occur.  For  the  most  part,  the  organisms  are  arranged 
singly,  in  twos  and  in  fours,  as  in  the  case  of  the  true  pneumococcus; 
and,  like  it  too,  in  the  natural  secretions,  &c.,  the  pneumo-bacillus  is 
seen  to  be  surrounded  by  a  capsule,  which  appears  in  stained  prepara- 
tions as  a  clear  space,  or  '  halo,'  limited  by  a  more  or  less^  sharply 
defined  outhne.  In  cultures,  the  same  variety  in  form,  varying  from 
coccus  to  bacillus,   may  be    seen,  the   capsule   being  generally 
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lost  as  in  the  case  of  the  pneumococcus.    From  the  exudation  at 
he  bottom  of  a  serum  tube  encapsuled  forms  may  be  obtained,  aa 
at  by  inoculating  animals  subcutaneously,  the  resultmg  serous 
exudation  being  found  to  contain  the  bacilli  in  their  encapsuled  con- 

^^'inoculation  experiments.-White  mice  are  apparently  the  animals 
most  susceptible  to  infection  with  serum  cultures  of  this  organism, 
death  occurring  in  two  or  three  days.  Guinea-pigs  are  sometimes 
susceptible,  and  dogs  still  more  so.    Babbits  are  immune. 

Iniection  into  the  pleural  cavity  and  into  the  lung  in  the  case  ot 
mice  is  followed  by  a  form  of  pleurisy,  and  pneumonia,  respectively. 
Very  numerous  encapsuled  organisms  are  found  throughout  the 
pleriitic  effusion,  and  in  the  blood.  The  spleen  is  generally 
enlarged. 

Micrococcus  gonorrhoeae  ^ 

The  gonococous  of  Neisser  has  been  definitely  proved  to  be  the 
specific  cause  of  gonorrhoea,  and  by  repeated  experiment -though 
animals  other  than  man  have  an  immunity— this  organism  has  been 
shown  to  comply  with  Koch's  well-known  postulates  referred  to  on 
pp.  101-2. 

The  ]orwianj  infection,  in  both  sexes,  appears  to  occur  most 
frequently  at  some  part  of  the  urethra ;  in  the  male,  at  the  lacuna, 
magna,  and  at  the  bulbous  and  prostatic  portions  of  the  urethra,  and 
the  microscopic  changes  to  be  mentioned  are  also  most  marked  at 
these  three  spots.  Next  to  urethritis,  the  most  frequent  seat  of 
primary  infection  in  the  female  is  the  canal  of  the  cervix,  primary 
vaginitis  being  rare,  the  stratified  epithehal  lining  apparently  resisting 
invasion  as  successfully  as  the  skin.  A  very  persistent  inflammation 
results  from  inoculation  of  the  glands  of  Bartholin.  In  the  male, 
suppuration  may  follow  from  infection  of  the  folHcles  of  the  prostate, 
and  very  acute  fatal  pyaemia  has  resulted  from  septic  thromboses  of  the. 
prostatic  sinus,  probably  from  a  mixed  infection.  '  Prostatic  threads  ' 
passed  at  the  end  of  micturition,  especially  after  compressing  the 
prostate  per  rectum,  may  contain  gonococci  long  after  they  have  dis- 
appeared from  any  gleety  discharge  present.  Hence  the  importance 
of  examining  the  prostatic  secretion,  before  deciding  that  a  patient  is 

'  Kealising  the  enormous  importance  of  the  subject,  I  have  in  this  section 
summarised  the  recent,  very  exhaustive,  investigations  by  Mr.  Alexander  G.  E. 
Foulerton,  F.E.C.S.,  recorded  in  his  monograph,  '  On  the  Micrococcus  gonorrhceee,* 
pp.  40-81,  Trans.  Inst.  Prevent.  Med.    First  Series,  1897. 
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free  from  infection.  Swabbing  out  the  urethra  with  silver  nitrate  so 
as  to  set  up  an  acute  urethritis,  as  practised  by  American  surgeons 
especially  will  often  bring  into  evidence  gonococci  concealed  in 
the  follicles  of  the  urethra  long  after  the  original  discharge  has 
ceased.  ° 

Extra-genital  gonorrheal  infection  most  commonly  occurs  at  the 
conjunctiva,  infants  being  infected  at  the  time  of  delivery  {ophthalmia 
neonatorum)  ;  and  adults,  by  material  conveyed  from  the  urethra 
Ulceration  or  sloughing  of  the  cornea,  ending  in  incurable  blindness, 
may  result,  especially  in  neglected  cases. 

Mode  of  invasion.— The  organisms  appear  to  make  their  way 
through  a  breach  in  the  superficial  epithelium,  iu  the  case  of  the 
urethra.  Cocci  may  also  be  seen  lying  between  the  cells  lining  the 
folhcles  of  the  mucous  membrane.  The  deeper  epithelium,  and  the 
leucocytes  lying  between  them,  and  in  the  submucous  tissue,  are 
attacked  by  the  cocci,  which  actively  multiply  in  these  cells,  especially 
in  the  leucocytes,  for  which,  compared  with  the  few  epithelium  cells 
seen  to  be  invaded  (whether  mi  sitti,  or  loose  in  the  discharge),  they 
show  a  decided  preference.  They  apparently  do  not  get  beyond  the 
layer  of  dense  plain  muscular  tissue  limiting  the  mucous  membrane ; 
but  the  irritation  caused  by  their  presence  in  the  submucous  tissue 
results  in  a  serous  exudation,  infiltrating  the  connective  tissue,  and  a 
catarrhal  condition  of  the  mucous  membrane,  the  epithelium  becoming 
loosened  and  detached. 

Secondary  infection  with  other  pyogenic  organisms  follows, 
purulent  infiltration  of  the  submucous  tissue,  with  thrombosis  of  the 
capillaries,  having  been  seen  at  this  later  stage.  The  gonococcus 
alone,  however,  has  been  found  in  some  cases  of  pyosalpinx,  and  in 
other  abscesses. 

The  exact  nature  of  the  chemical  products  of  this  organism  is  at 
present  unknown,  but  they  are  responsible  for  the  immediate  effects 
of  infection.  In  remote  lesions,  the  gonococcus  itself  has  been 
demonstrated,  e.g.  in  gonorrhoeal  arthritis,  endocarditis,  salpingitis, 
&c.  In  a  fatal  case  of  gonorrhoeal  endocarditis,  the  specific  organism 
has  been  found  circulating  in  the  blood  during  life. 

Though  definitely  pyogenic,  as  in  the  instances  quoted  above, 
pure  cultures  of  gonococci  have  been  obtained  from  the  joint  in  cases 
of  gonorrhoeal  rheumatism  without  any  sign  of  suppuration  ever 
appearing. 

Gitltivation  of  the  gonococcus  cannot  be  carried  out  on  any  of  the 
ordinary  media  of  the  laboratory,  a  most  important  point  in  distin- 
guishing it  from  other  diplococci  which  may  be  present  in  pus 
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suspected  to  be  of  gonorrhooal  origin.    It  has  been  shown  that 
enou.^h  albuminous  materials,  in  the  form  of  pus,  maybe  transfei-red 
to  a  tube  of  medium  with  the  cocci  for  their  immediate  needs,  though 
subsequent  sub-cultures  on  to  the  same  medium  completely  fail. 
As  Foulerton  insists,  no  medium  can  be  considered  as  a  suitable  one 
until  it  has  proved  capable  of  bearing  a  transplantation  of  the  coccus 
under  conditions  which  will  exclude  any  trace  of  the  original  pus. 
After  careful  trials,  the  same  writer  condemns,  as  useless,  urine- 
peptone -broth,  urine-agar,  saline-peptone -agar,  acid  gelatine  upon 
which,  however  (as  well  as  on  alkaline  gelatine),  a  coccus  which 
he  has  called  the  Diplococcus  urethrcB  communis,  larger  than  the 
gonococcus,  and  staining  by  Gram's  method,  grows  well.  Blood 
serum-agar,  or  agar  to  which  other  serous  fluid  such  as  serum  from: 
pleuritic°effusion,  ascitic,  hydrocele  or  ovarian  fluids,  have  been  more 
or  less  successfully  used.    Mixtures  of  urine,  agar,  and  serum,  from 
human  placental,  and  various  other  kinds  of  blood,  have  also  been  tried 
with  varying  success.    Albuminous  urine,  from  cases  of  nephritis, 
mixed  with  two  parts  of  peptone  beef  broth,  or  with  two  parts  of 
fluid  agar,  gives  excellent  results ;  as  does  a  mixture  of  two  parts 
of  agar,  kept  fluid  at  40°  C,  with  one  part  of  human  urine,  to  which  egg- 
albumin  in  the  proportion  of  5  per  cent,  by  volume  has  been  added. 

The  selected  serum,  diluted  if  desirable  with  a  httle  fresh  urine,, 
is  sterihsed  by  aspiration  through  a  Berkefeld  filter,  then  mixed  with 
the  agar  kept  fluid  at  40°  C.  in  a  water  bath.  Sloped  tubes,  or  plates, 
(petri-dishes)  may  be  prepared  as  usual.  Plate  cultures,  made  by 
lightly  brushing  some  of  the  pus  over  three  previously  prepared  plates,, 
with  the  same  camel-hair  brush,  in  the  way  shortly  to  be  mentioned,, 
are  absolutely  essential  in  endeavouring  to  isolate  the  gonococcus  from 
discharges  (Foulerton). 

An  alternative  way  of  making  plates,  recommended  by  the  same 
author,  is  to  take  three  tubes  of  sterile  serum,  inoculate  the  first  with 
a  loopful  of  pus,  inoculate  the  second  tube  with  one  or  two  loopfuls 
from  the  first,  and  the  third  in  like  manner  from  the  second.  Add 
the  contents  of  each  tube  to  about  twice  the  volume  of  agar,  kept, 
melted  at  40°  C,  and  pour  into  three  petri-dishes  as  usual. 

For  general  clinical  work,  Foulerton  strongly  recommends  cul- 
tivation of  the  pus  on  1^-inch  agar  plates  streaked  with  fresh  human 
blood,  as  first  suggested  by  Abel. 

The  method  of  obtaining  the  blood  aseptically  from  the  finger-tip 
is  to  wash  the  skin  with  soap  and  water,  then  with  5  per  cent  carbolic- 
acid,  finally  dipping  the  finger  into  alcohol  and  allowing  it  to  drain 
off.    A  separate  sterile  pipette  is  used  for  collecting  the  drop  of  blood 
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for  each  plate.  With  this  capillary  pipette  Foulerton  deposits  a  drop 
of  freshly  drawn  blood  from  the  finger  on  to  the  centre  of  each  plate. 

The  smallest  possible  quantity  of  pus,  if  pus  is  to  be  inoculated,  is 
then  blown  on  to  a  small  sterihsed  camel's-hair  brush  from  the 
capillary  tube  in  which  it  has  been  collected.  This  pus,  with  the 
drop  of  blood  already  deposited  on  the  agar,  is  hghtly  rubbed  over  the 
surface  of  the  first  plate.  The  blood  drop  on  the  second  plate  is 
then  rubbed  out  with  the  same  brush,  and  so  the  blood  on  the  third. 
This  plan  may  also  be  adopted  in  cases  of  pyosalpinx,  and  gonor- 
rhoeal  conjunctivitis. 

In  cases  of  gonorrhoeal  arthritis,  the  fluid  aspirated  should  be  mixed 
with  two  parts  of  agar,  kept  melted  at  40°  C.  and  plated. 

Cultivations  on  serum-agar,  or  blood-streaked  agar,  are  best  kept 
between  35°  C.  and  37°  C.    Shghtly  raised,  minute,  sometimes  almost 

imperceptible,  moist,  grey,  or 
greyish-white  colonies  appear  at 
the  end  of  twenty  to  twenty-four 
hours,  dotted  over  the  surface  of 
the  plates.  The  colonies,  being 
translucent,  look  like  drops  of  dew 
when  the  plates  are  held  up  to 
the  light.  After  seventy  or  eighty 
hours'  incubation,  when  they  may 
have  attained  a  diameter  of  1'5  to 
2  mm.,  the  colonies  cease  to  grow. 
At  first  they  appear,  under  the  lower 
power  of  the  microscope,  to  be 
rounded  in  outline,  finely  granular, 
of  a  faint  brownish  colour,  rather 
deeper  towards  the  centre.  After 
■seventy-two  hours  or  so,  the  edge  of  the  colony  becomes  irregularly 
rounded,  and  uneven  at  its  margin.  The  darker,  central,  zone  has 
also  become  more  pronounced  and  opaque,  and  distinct  collections  of 
large  granules  may  usually  be  seen.  Foulerton  notes  the  difficulty  in 
removing  young  colonies  from  the  medium  with  platinum  wire, '  from 
the  point  of  which  it  at  once  slips  off  again  in  a  jelly-fish-like  fashion.' 

Inoculation  experiments  with  cultures,  or  gonorrhoeal  pus,  have 
only  hitherto  succeeded  in  man,  not  in  animals. 

Under  the  microscope,  the  gonococcus  is  seen  (fig.  65)  to  be  a 
coccus  flattened,  or  slightly  concave  at  one  side,  so  as  to  be  more  or 
less  kidney-shaped.  The  cocci  are  generally  arranged  in  pairs, 
vpith  the  flattened,  or  concave,  surfaces  adjacent  to  each  other. 


Fig.  65. — gonobehceal  pus,  with  chaeac- 
teeistic  diplococci  in,  and  between, 
pus  cells.     x  925 
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Multiplication  occurs  by  fiss.o.  the  -----'/^'^jXii: 

TJI  rrecedin"  generation  ;  i.e.  the  line  of  fission  in  each 
::::rtrri  hf  an/es  to  that  of  the  ^2:]J^:f 

?Poulerton)  Hence  there  is  a  great  tendency  to  the  fo^"^"^*;.^^ 
ftrads  and  multiples  thereof.  The  culture  must  be  only  lightly 
pread  o^'t  in  making  the  film  preparation.  The  average  measure- 
ments ax^  said  to  be  about  "T/x  by  -5/.,  though  one  coccus  may  be 
:  g  Z  retin  the  strain  longer  than  its  fellow  when  treated  by 
G  fm's  method,  by  which  rapid  and  complete  decolonsat:on  result 
for  the  film  as  a  whole.  Lofflers  methylene  blue  is  one  of  the  best 
stains.  Counter-staming  with  eosin,  as  directed  m  the  exercise  on 
p  116  is  very  effective  in  the  case  of  pus.  The  characteristic  feature 
fs  the  large  number  of  pairs  of  kidney-shaped  diplococci  which  are 
present  in  the  pus  cells,  and  may  even  invade  their  nuclei.  Paired 
diplococci  are  also  seen  lying  loose,  or  grouped  together  in  masses, 
between  the  pus  cells.  A  minimum  of  four  pairs  of  typical  cocci  m 
a  single  pus  cell,  is  alone  to  be  considered  diagnostic,  according  to 

Foulerton.  . 

A  halo-like  capsule  may  sometimes  be  visible,  surroundmg  the 
diplococci  in  films  from  serum-agar  cultures,  but  in  pus  its  presence 
has  been  denied. 

Besides  the  ordinary  pyogenic  cocci,  eighteen  different  species  of 
cocci  have  been  isolated  from  the  healthy,  or  diseased,  male  urethra ; 
of  these  seventeen  can  be  grown  on  agar  at  36°  C,  or  on  gelatin  at 
20°  C,  the  remaining  species  growing  on  agar,  but  not  on  gelatin. 
Subcultures  on  gelatin  and  agar  from  the  plate  colonies,  prepared  in 
the  way  above  mentioned,  should  therefore  always  be  made.  If  the 
organism  grows  under  these  circumstances  it  is  certainly  not  the 


gonococcus  ' 


On  the  other  hand,  the  three  special  characteristics  which  enable 
one  to  say  positively  that  a  suspected  organism  is  the  micrococcus  of 
Neisser  are — 

(i)  The  occurrence  in  the  pus  cells  of  paked  bean-shaped  cocci— 

at  least  four  pairs  in  each  cell  should  be  recognised. 

(ii)  The  typical  cocci  should  be  readily  decolorised  when  treated 

by  Gram's  method. 

(iii)  Pure  growths  cannot  be  subcultured  on  gelatine  at  20°  C,  or 

on  agar  at  either  20°,  or  36°  C. 

'  For  further  details  the  student  is  referred  to  the  monograph  by  Foulerton, 
ojp.  cit.  p.  55  et  seq.    Also  Wurtz,  BactAriologie  Gliniqii^e,  p.  299. 
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Micrococcus  tetragonus 

Micrococcus  tetragonus.  or  tetragenus.-This  organism  was  first 
isolated  by  Koch  from  the  cavities  in  the  lungs  of  phthisical  patients 
though-as  shown  by  him-it  has  no  apparent  influence  on  the 
course  of  the  disease  in  question.  It  is  found  in  the  walls  of  such 
cavities,  as  well  as  in  the  sputum,  and  also  in  non-tuberculous 
expectoration,  and  even  in  normal  saliva:  It  has  also  been  found  in 
alveolar  abscesses,  and  other  forms  of  acute  suppuration. 

Cultivations.— GeZa^me  stab.~The  growth  along  the  track  of  the 
needle  by  the  third  day  appears  white,  irregular,  or  granular.  The 
individual  granules,  or  colonies,  enlarge,  especially  at  the  upper 

part  of  the  medium,  and  at  the 
surface  ;  a  raised  knob  forms  by 
about  the  end  of  the  first  week, 
looking  like  the  head  of  a  nail 
seen  in  profile.  No  liquefaction 
of  the  gelatine  occurs. 

Gelatine  streak.  —  A  slightly 
raised,  creamy-white,  growth  is 
seen  by  the  end  of  the  second  day. 

Agar-agar,  and  serum. — Dis- 
crete, glistening,  white  colonies 
occur  along  the  track  of  the 
needle. 

Potato. — A  moist,  viscid,  white 
growth  is  seen. 

Under  the  microscope,  the  organisms  appear  as  cocci,  l^a  in 
diameter,  arranged  singly,  in  twos,  and  in  fours.  They  are  stained  by 
Gram's  method.  There  is  a  circular,  gelatinous,  halo-Hke  capsule, 
containing  cocci  arranged  as  a  tetrad.  As  a  rule,  however,  the  cap- 
sule is  not  seen  in  cultures. 

Inoculation.— White  mice,  and  to  a  less  extent  guinea-pigs,  are 
exceedingly  susceptible.  A  virulent  culture  produces  a  rapidly 
fatal  result  in  from  two  to  ten  days,  with  a  locaUsed  abscess  at  the 
point  of  inoculation,  the  organism  being  found  in  the  capillaries  of 
the  organs,  especially  in  the  lungs,  kidneys,  and  spleen,  where  they 
appear  in,  and  between,  the  leucocytes  (Crookshank).  The  corpuscles 
may  be  so  crowded  with  the  cocci  as  to  present  quite  a  granular 
appearance. 

There  are  several  species  of  the  micrococcus  tetragonus  besides 
the  one  mentioned  above. 


Fig.  66. — micbococcus  tetisagonus. 
sebum  culture.    x  530 
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A  yellow  variety  of  the  Micrococcus  tetragomcs  stibfiavus,  similar 
in  microscopic  appearance  to  the  foregoing,  is  found  in  the  nasal 
cavity;  not  infrequently  it  is  met  with  in  the  form  of  yellowish 
colonies,  rapidly  sinking  into  the  medium,  so- as  to  lie  at  the  bottom 
of  a  depression,  in  serum  cultures  made  from  cases  of  diphtheria, 
associated,  of  course,  with  the  specific  organism. 


LESSON  XV 

ANTHBAX — TUBERCULOSIS — LEPKOST 

A.  Bacillus  anthracis 

B.  Bacillus  tuberculosis 

C.  Bacillus  leprae 

A.  Bacillus  anthracis 

I.  Cultivations  :  (i)  Gelatine  stab.^ 

(ii)  Agar-agar,  a.  streak. 

/3.  Three  plates,  prepared 
as  usual  (p.  25). 

(iv)  Potato. 

(v)  Broth. 

(vi)  Broth,  containing  O'l  p.c.  phenol. 

II.  Stain  coverslip  preparations  from  a  culture  : 

(i)  with  carbol-fuchsin. 

(ii)  by  Gram's  method. 

III.  Stain  blood,  and  any  other  exudation  present ;  also  films,  made 
by  rubbing  the  coverslip  against  the  cut  surface  of  spleen,  liver,  &c., 
held  in  dissecting  forceps,  of  an  animal  which  has  died  from  anthrax. 

Stain  (i)  with  Loffler's  blue,  or  carbol-fuchsin. 
(ii)  by  Gram-Eosin  method. 

IV.  Stain  spores,  by  MoUer's  method  (p.  47)  Use  a  culture 
which  has  been  incubated  at  37°  C.  for  at  least  twenty-four  hours. 

V.  Stain  film  preparations  from-  the  phenol-broth  culture  [I.  (vi)] 
after  a  week's  incubation.  Use  simple  stains.  No  spores  will  be 
found.    {Asporogenous  groioth.) 

VI.  Stain  sections  of  organs  from  an  animal  inoculated  with 
B.  anthracis.  Sections,  imbedded  in  various  ways,  should  be  stained 
simply,  and  by  the  Gram-Eosin  and  the  Eosin-  (or  Carmine-)  Gram- 
Weigert  methods  (pp.  97-100). 

VII.  Examine  the  aga,r  plates,  after  incubation,  and  make  impres- 
sion preparations,  staining  with  carbol-fuchsin. 

'  See  first  footnote,  p.  35. 
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VIII.  Make  a  hanging-drop  preparation,  but  instead  of  using  a 
broth  culture,  place  a  drop  of  liquefied  gelatine,  or  agar,  on  the  under 
aspect  of  a  clean  coverslip  (held  in  cornet  forceps),  which  has  been 
sterilised  by  passing  through  the  flame  several  times.  Inoculate  the 
medium,  by  means  of  a  stab  needle-point,  with  the  smallest  possible 
quantity  of  an  anthrax  culture,  and  place  film  side  downwards  over 
the  hollow  of  the  hollow-ground  shde  which  has  previously  been 
^  ringed '  with  vaseline  (p.  30).  Watch  the  development  of  the  spores 
in  the  bacilh  as  they  are  forming,  and  then  that  of  the  baciUi  as  they, 
in  turn,  are  formed  by  the  gradual  elongation  of  the  spores. 

B.  Bacillus  tuberculosis 

I.  Gtdtivations  :  (i)  Inoculate  two  serum  tubes  with  a  large  loopful 
of  curdy  material  from  a  freshly  opened  tuberculous  abscess— e.gr.  of 
the  hip-joint.  Cap,  and  incubate  at  37°  G.  for  three  weeks— examining 
daily.  By  the  end  of  ten  or  twelve  days,  raised,  opaque  white,  or 
creamy-white  colonies  will  be  visible.  Subcultures  may  then  be 
made  on  glycerine-agar. 

(ii)  Make  subcultures  on  glycerine-agar  from  the  pure  culture 
given  round.    Use  large  flakes  of  the  growth.    Proceed  as  above. 

II.  Stain  coverslips 

of  (a)  Culture  (i)  with  carbol-fuchsin  ;  warm  till  it  steams  ; 

after  five  minutes,  wash  very  thoroughly, 
(ii)  by  Gram's  method. 
(yS)  Phthisical  sputum,  by  Zichl-Neelsen's  method. 

Ziehl-Neelsen's  method,  for  sputum 

1.  The  sputum  is  placed  in  a  petri,  or  other  glass,  dish,  against  a 
black  backgi'ound  (such  as  a  black  vulcanite  tray),  and  one  of  the 
minute,  opaque,  yellowish-white,  caseous  particles  seen  is  transferred 
with  sterile  platinum  loop  to  a  clean  coverslip  held  in  cornet-forceps. 
Another  coverslip — similarly  held  in  forceps — is  applied  to  the  first, 
and  by-  steadily  rubbing,  and  then  drawing  the  two  coverslips  apart 
several  times,  a  uniformly  thin  film  is  left  on  each. 

2.  The  films  are  dried,  and  then  fixed,  in  the  usual  way,  by  passing 
them  rapidly  through  the  flame  three  times. 

3.  Carbol-fuchsin  is  filtered  on  to  the  coverslip,  which  is  then 
held  in  the  cornet-forceps  and  moved  vertically  up  and  down  over 
the  flame  until  vapour  is  seen  to  rise.'  The  stain  remains  on  for  five 
minutes  afterwards,  and  the  excess  is  removed  by  washing  in  water. 

'  Where  several  films  are  to  be  stained,  the  cleanest  and  most  rapid  method 
(suggested  to  me  by  my  friend  Dr.  W-  G.  Savage)  is  to  luami  (not  boil)  filtered 
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4.  The  coverslip  is  placed  in  25  p.c.  sulphuric  acid  >  till  the  film 
reviains  almost  completely  decolorised  on  being  placed  in  water.  If 
a  pink  tint  returns  whilst  in  the 
water,  dip  once  more  into  the 
acid,  and  then  back  into  water, 
repeating  this  process  till  the 
pink  finally  disappears. 

5.  Dry  the  coverslip  between 
the  folds  of  a  pad  of  German 
blotting-paper  (p.  18). 

6.  CounterstainwithLoffler's 
methylene  blue,  for  two  minutes. 

7.  "Wash  well,  dry,  and  mount 
in  Canada  balsam. 

The  tubercle  bacilli  are  red. 

The  sfuUim  itself  (and  any 
organisms  present  besides  tu- 
bercle bacilli)  should  be  a  beau- 
tiful azitre  bhie. 

This  is  the  best  way  of 
demonstrating  B.  tuberculosis  in 
sputum,  in  the  urine,  and  in 
milk,  &c.,  but  in  the  case  of  the 
fluids  mentioned,  thorough  cen- 
trifugalisation  is  necessary  (see 

text,  p.  143).    Films  are  then  made  from  the  deposit. 

If  the  simtum  is  very  loaiery,  it  may  also  be  centrifugalised,  and 
the  deposit  stained  in  the  above  way. 

Another  method,  which  answers  admkably  for  watery  sputum,'^ 
is  to  add  about  5  cub.  cms.  of  the  fluid  to  100  cub.  cms.  of  6  p.c. 
carbolic  acid  in  a  sterile  flask,  which  is  then  thoroughly  shaken,  and 
its  contents  poured  into  a  sterile  conical  urine-glass.  '  It  is  allowed 
to  stand  over-night,  or  for  twenty-four  hours,  and  the  supernatant 
carbolic  acid  then  poured  away.  Films  made  from  the  deposit  are 
stained,  as  usual,  by  Ziehl-Neelsen's  method. 


Fig. 


67.—  CENTRIFUGAL   MACHINE,  SPUN  BY 
HAND,  OB  BY  A  WATEB-MOTOK 


carbol-fuchsin  in  a  sterile  test-tube,  and  pour  it  on  to  the  prepared  films  held  in 
forceps.    The  subsequent  procedure  is  as  above. 
'  Some  prefer  to  use  d3  per  cent,  nitric  acid. 

2  Crookshank  has  made  the  very  important  observation  that  the  addition  of  an 
equal  quantity  of  -5  per  cent,  solution  of  carbolic  acid  to  phthisical  sputum  renders 
it  innocuous  in  a  few  minutes,  corrosive  sublimate  being  unsuitable.  (Hewlett's 
Bacteriology,  p.  201.) 

K  2 
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III.  Stain  sections  of  organs  containing  tubercle   bacilli— e 
phthisical  lung.  '°' 

It  is  essential  to  imbed  tissues  to  be  examined  for  tubercle  baciUi 
either  in  paraffin,  or  celloidin  (see  Appendix  B,  p.  273,  for  methods  of 
imbedding,  &c.). 

Ziehl-Neelsen's  method  for  sections  of  tissues  containing 
tubercle,  or  leprosy  bacilli 

1.  The  section  is  fixed  to  the  coverslip,  and  the  paraffin  completely 
removed  (pp.  99-100). 

2.  The  coverslip  is  held  in  cornet- 
forceps  and  carbol-fuchsin  is  filtered  on- 
just  as  in  the  case  of  sputum  (pp.  130-1, 
and  footnote).  The  stain  is  warmed  till 
vapour  rises.  1  After  ten  minutes,  the 
excess  of  stain  is  washed  away  and  the 
coverslip  placed,  section  side  up,  in  a 
watchglass  containing  25  p.c.  sulphuric 
acid.  It  is  left  there  undisturbed  for 
twenty  to  thirty  minutes  (according  to 


Fig.  (39. — hematocrit  attachment,  on  feame, 

CARRYING  TWO  GRADUATED  CAPILLARY  TUBES  FOR 
dEDIMENTING  BLOOD,  OR  OTHER  FLUIDS  (TO  TAKE 
THE  PLACE  OP  THE  ORDINARY  TEST-TUBE 
CRADLES,  SHOWN  IN  FIG.  68) 

the  thickness  of  the  section)  and  then 
washed  in  water.  If  the  colour  returns, 
it  is  again  placed  in  fresh  acid  for  ten 
minutes  or  so,  washed  in  water,  and 
these  processes  repeated  alternately  till 
it  is  completely  decolorised,  or  only  the 
faintest  pink  tint  left. 

3.  The  tissue  is  counterstained  in 
Loffler's  blue  for  ten  to  thirty  minutes. 
4.  It  is  then  rapidly  dehydrated  ^  in  absolute  alcohol  ^  to  1 

'  Sections  may  be  placed,  instead,  for  twenty-four  hours,  or  over-night,  in  cold 
carbol-fuchsin,  and  then  left  for  at  least  half  an  hour  in  25  p.c.  sulphuric  acid. 

•-  The  dehydration  with  alcohol  must  be  very  rapidly  performed,  or  most  of 
the  Loffler's  blue  will  be  dissolved  out. 
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minute,  and  clarified  ^  in  xylol  for  two 
minutes. 

5.  Mount  in  xylol  Canada  balsam. 

The  tubercle  bacilli  are  stained  red, 
and  the  tissiie,  tvith  any  other  organisms 
present,  is  stained  blue. 

C.  Bacillus  leprae 

Lep-osy  bacilli,  occurring  in  the  dis- 
charges from  leprous  ulcers,  and  in  sec- 
tions of  tissues  affected  by  the  disease, 
may  readily  be  demonstrated  by  Ziehl- 
Neelsen's  method  in  exactly  the  same 
way  as  in  the  case  of  the  B.  tuberculosis 
(see  text,  p.  152,  however,  for  differences). 

Anthrax 

Bacillus  anthracis. — Anthrax,  malig- 
nant pustule,  or  wool-sorters'  disease,  is 
caused  by  the  Bacillus  anthracis  which, 
with  its  spores,  is  found  in  hides  and 
furs,  derived  from  foreign  countries,  by 
means  of  which  those  who  have  to 
prepare  them  become  infected  with  the 
disease.  The  spores  have  also  been 
found  in  atmospheric  dust,  and  as  the 
result  of  inhaling  or  swallowing  such 
infected  particles,  internal  anthrax  may 
be  established.  The  commoner  mode  of 
infection  is  through  a  wound  or  abrasion 
of  the  skin,  and  a  simple  pustule  may 
become  secondarily  infected  with  the 
specific  organism.  There  are  thus  two 
types  of  the  disease,  internal  or  visceral, 
and  external  anthrax.  The  exposed 
parts  of  the  body  are  chiefly  affected, 
a  fact  well  brought  out  by  W.  Koch's 
analysis  2  of  1,077  cases,  of  which  905 
occurred  as  follows  :  head  and  face  490,  neck  45,  upper  limb  370. 

■  Oil  of  cloves  should  rarely,  or  never,  be  used  for  clearing  sections  stained  for 
bacteriological  purposes,  the  anilin  dyes  being  soluble  in  it. 
2  Treves's  System  of  Surgery,  vol.  i.  p.  313. 


Fig.  70. — bacillus  anthiiacis 
Gelatine  stab  culture,  showing  charac- 
teristic growth,  with  commencing 
liqiiefactiou,  and  cupping  (from 
evaporation),  at  the  surface  of  the 
medium. 
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The  disease  in  the  skin  commences  as  a  dark  papule,  simulating 
the  bite  of  an  insect,  upon  which  a  vesicle  full  of  clear  senim  soon 

arises.  Subsequently  new  vesicles  form 
a  ring,  encircling  the  now  enlarged, 
deeply  congested,  almost  black  papule. 
This  dark  appearance,  due  to  haemor- 
rhage, has  suggested  the  French  name 
of  the  disease,  charbon.  The  EngUsh 
term  anthrax,  hterally  '  carbuncle,'  was 
applied  on  account  of  the  close  resem- 
blance of  the  two  diseases  at  an  early 
stage.  In  fact,  even  at  the  present  day, 
especially  in  country  districts,  an  ordi- 
nary carbuncle  often  goes  by  the  name  of 
'  anthrax  ' — a  fact  worth  remembering. 
Infection  spreads  by  the  lymphatics,  with 
great  enlargement  of  the  glands  and 
oedema,  which  in  the  neighbom-hood  of 
the  mouth  or  larynx  may  result  in  the 
most  serious  consequences. 
0^  Cultivations.— GeZa^me  stab. — Prom 
the  white  growth  which  rapidly  appears 
along  the  track  of  the  needle,  fine 
branches  extend  outwards  into  the  sm-- 
rounding  medium,  producing  a  very  cha- 
racteristic appearance  (fig.  70),  compared 
with  that  of  an  inverted  fir,  or '  Norfolk 
pine,'  tree.  Liquefaction  of  the  gelatine 
occurs  at  the  surface,  and  progresses 
fairly  rapidly,  so  that  by  the  end  of  about 
six  days,  the  growth  lies  at  the  bottom 
of  the  tube  as  a  flocculent  white  mass. 

Agar-agar  streak. — The  growth  is 
slightly  moist,  and  of  a  dull,  greyish- 
white  appearance,  especially  near  the 
margin.  The  surface  growth  is  a  little 
raised  and  the  margins  are  somewhat 
indented,  and  much  more  translucent 
than  the  rest  of  the  growth.  On  viewing 
this  edge  by  transmitted  hght,  its  ghstening  appearance  produces 
almost  the  effect  of  a  fine  mosaic.  Isolated  colonies  may  be  seen. 
These  are  rounded  or  oval,  and  the  character  of  the  margin  is  as 
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iust  mentioned.  Colonies  at  the  upper  part  of  the  tube  where  the 
obUque  surface  of  the  medium  is  thinnest,  can  be  exammed  under  the 
low  power  of  the  microscope.  The  edge  can  then  be  made  out  to 
present  the  characteristic  appearance  described  below. 

Aqar-agar  plate  cultivations. -Young  colonies,  not  more  than 
twenty-four  hours  old,  are  rounded  or  oval,  sometimes  mdented  at 
one  end  and  pointed  at  the  other,  to  form  a  heart-shape.  When 
seen  by  the  low  power  of  the  microscope,  the  surface  is  everywhere 


covered  with  fine  lines,  producing  a  striated  appearance.  The  margin 
is  often  sharply  defined  at  this  stage.  More  advanced  colonies, 
especially  those  on  the  surface,  even  in  twenty-four  hours  may 
present  the  more  characteristic  appearance  which  has  been  generally 
compared  with  the  '  Medusa-,'  or  '  Gorgon-locks,'  the  plaits  of  '  hair ' 
being  at  first  closely  coiled  and  interwoven  together ;  later,  some  of 
the  'tresses  '  get  loose  and  spread  far  and  wide  to  join  other  colonies 
in  the  neighbourhood.  This  appearance  is  perhaps  better  compared 
with  the  convolutions  of  the  brain  each  convolution  however,  being 
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finely  striated.  Impression  preparations' can  be  made  from  these 
colonies  (figs.  73  and  75). 

Potato.— The  copious  growth,  appearing  after  24  to  48  hours  is 
opaque,  creamy-  or  greyish-white,  and  somewhat  dry.  Spores 
readily  form  on  this  medium. 

Broth.~Clondmess  sets  in  in  a  few  hours,  from  the  formation  of 
little  flocculent  masses  of  growth,  producing  a  very  characteristic 
appearance.  At  the  end  of  a  few  days,  the  medium  becomes  clear 
again,  the  growth  having  collected  at  the  bottom  of  the  tube  as  a 
flocculent  white  deposit.  No  scum  is  formed,  contrasting  with  what 
IS  seen  m  broth  cultures  of  B.  suhtilis. 

Professor  Sydney  Martin  has  investigated  the  highly  toxic,  soluble 
products  of  the  bacillus  present  in  hquid  cultures  containing  alkah- 

albumin,  and  shown  them  to  be 
albumoses,  causing  fever,  and  an 
alkaloid,  causing  coma,  when  in- 
oculated into  animals. 

Under  the  microscope,  the 
organism  is  seen  to  be  rod-shaped, 
and  to  vary  in  length  from  2  to 
lO/A  (average  3  to  6/a),  and  to  be 
about  1  to  broad.  Long 

threads  are  frequently  found. 
Generally,  the  baciUi,  which  stain 
by  Gram's  method,  appear  to  be 
square  cut  at  their  ends ;  but, 
frequently,  these  ends  are  seen  to 
be  a  little  broader  than  the  rest  of 
the  organism,  and  instead  of  being 
This  thickening  and  depression  at 
the  ends  produces,  in  the  case  of  a  chain  of  baciUi,  an  appearance 
very  like  that  of  bamboo  with  its  nodes.  The  depression  or  con- 
cavity at  the  end  of  the  bacillus,  just  described,  is,  according  to 
Symmers,'  purely  artificial,  and  results  from  the  bacilli  being  over- 
heated, prior  to  staining. 

Spore  formation  is  generally  well  marked,  and  can  be  actually  seen 
in  progress,  by  making  a  hanging-drop,  employing,  however,  a  loopful 
of  liquid  gelatine  or  agar-agar,  and  inoculating  this,  instead  of  using 
broth  in  the  usual  way.  Spore  formation  is  very  rapid  and  can  be 
observed  to  take  place  in  such  a  hanging-drop  in  less  than  sixteen 


X  240  X  530 

Fig.  73. — bacillus  antheacis 

Impressiou  preparation.   Edge  of  the  larger 
colouy  seeu  in  iig.  72. 

flat  they  are  slightly  concave. 


'  Thoinot  and  Masselin's  Outlines  of  Bacteriology,  1899,  p.  106. 
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hours ;  and  the  development  of  the  spore,  by  its  gradual  elongation 
into  the*  bacillus,  can  also  be  readily  made  out.  ,  . 

The  hanging-drop,  made  from  a  broth  culture,  shows  that  the 
organism  is  non-motile  {B.  suUilis _  and  B.  viycoides,  organisms  re- 
sembling B.  anthmcis,  are  very  motile). 

Impression  preparations,  made  from  the  agar-agar  plates,  and 
stained  in  the  ordinary  way,  may  be  examined  with  the  tV  iiiclj 
oil  immersion-lens.  The  '  braided  locks  '  are  then  seen  to  consist  oi 
innumerable  bacilli  with  the  above-mentioned  characters,  and  the 
'tresses,'  spread  out  from  the  edge  of  the  colony,  are  seen  to  consist 
of  chains  of  these  organisms. 

Spore  formation,  even  in  such  impressions,  can  readily  be  demon- 
strated by  MoUer's  method  (fig.  75) ;  or,  without  special  staining,  can 
be  made  out  in  the  form  of  highly  refracting  vacuole-like  bodies  (fig.  74). 


Fig.  74. — bacillus  anthbacis.  x  925 

The  clear  globular  bodies  are  unstained 
spores. 


X  925 

Fig.  75. — spoees  op  bacillus  anthbacis 
stained  by  Moller's  method.  From  an  impression- 
preparation  by  tlie  late  Miss  Mabel  Webb,  M.B. 


As  the  culture  gets  older  the  sheath  of  the  bacilli  gives  way, 
leaving  the  spores  in  chains  still  connected  together  by  a  small 
amount  of  the  cementing  substance.  Then  they  separate  from  one 
another,  and  eventually  give  rise  to  young  bacilli. 

In  blood  freshly  shed,  and  in  the  other  exudations  and  tissues  of 
the  affected  animal  during  life,  no  spores  are  seen,  free  oxygenation 
being  a  condition  of  their  development.  If  the  blood  is  exposed  in 
a  moist  chamber  for  a  fortnight  or  so,  spore  formation  occurs. 

Sporeless  anthrax  bacilli  can  be  obtained  by  incubating  a  broth 
culture  at  42°  to  43°  C,  though  refractile  bodies  (the  false  spores  of 
Chauveau),  or  microspores,  may  be  seen.  By  subculturing  at  37°  C, 
however,  normal  spore  formation  occurs. 
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Such  asporogenous  growth,  with  permanent  loss  of  spore-forming 
capacity,  can  also  be  obtained  by  incubating,  for  eight  to  ten  'days,  a 
phenol-broth  culture,  containing  carbohc  acid  in  varying  proportions, 
from  1  :  2,500,  up  to  1  :  1,000  parts  of  broth. 

Inoculation  experiments.— Dogs,  Algerian  sheep,  most  birds,  and 
the  amphibia  generally,  are  insusceptible  to  anthrax.  Eats,  also, 
are  resistent  to  inoculation,  but  may  become  infected.  Guinea-pigs, 
rabbits,  white  mice,  the  common  EngHsh  mouse,  ordinary  sheep,  and 
cattle  are  highly  susceptible;  and  it  is  probable  that  the  Algerian 
sheep  which  have  been  found  to  be  insusceptible  have  only  become 
so  by  a  process  of  natm'al  selection. 

Experimental  inoculation  indicates  unmistakably  that  the  disease 
is  really  a  septicaemia,  the  organisms  multiplying  in  the  blood  and 

tissues.  No  spore  formation,  as 
aheady  stated,  occurs  in  the  body 
during  life.  There .  may  be  no 
changfe  at  the  actual  point  of  in- 
oculation ;  but,  starting  from  a  spot 
close  by,  oedema,  often  blood- 
stained, is  seen  to  spread  through- 
out the  subcutaneous  tissues  of 
the  body.  In  this  oedematous 
fluid  the  organism  is  readily  de- 
monstrated, and  pure  cultivations 
made  therefrom.  The  muscles 
are  pale ;  and,  on  opening  the 
abdomen,  little  or  no  change  may 
be  obvious,  though,  as  a  rule, 
more  or  less  blood-stained  serous 
exudation,  or  even  hsemorrhagic 
peritonitis,  may  be  found.  The  spleen  is  enlarged  and  congested,  the 
liver  may  be  in  a  state  of  cloudy  swelhng,  and  the  lungs  present  a 
congested  appearance. 

But,  frequently,  however,  no  change  is  seen,  even  when  the  spleen 
and  other  organs  are  cut  across  with  a  sterile  knife.  When,  however, 
a  film  preparation  is  made  by  drawing  the  coverslip,  held  in  forceps, 
across  the  cut  surface,  drying,  fixing,  and  staining  with  carbol-fuchsin, 
or  Loffler's  blue,  in  the  usual  way,  myriads  of  bacilli  are  seen.  The 
heart's  blood  is  found  teeming  with  organisms.  Sections  of  all  the 
organs  show  that  the  capillaries  are  universally  invaded  with  masses 
of  bacilh,  and  in  sections  of  the  brain  (fig.  76)  they  may  be  seen 
passing  through  the  capillary  wall  into  the  perivascular  space,  and 


Fig.  76. — bacillus  anthracis 

Section  of  a  cerebral  cortex  capillary  (human), 
very  faintly  outlined,  crowded  with  bacilli, 
which  are  escaping  into  the  perivascular 
space  and  the  tissue  around. 
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invading  the  surrounding  tissues.  The  absence  of  any  definite  lesion 
to  the  naked  eye  should  be  emphasised,  as  the  writer  has  known  of  a 
case  of  a  -irl  of  fifteen  in  La  Charity  Hospital,  at  Berlin,  who  suffered 
from  very^obscure  symptoms  through  hfe,  so  that  a  diagnosis  could 
not  be  arrived  at ;  and  even  at  the  post-mortem  exammation  no  defimte 
cause  of  disease  could  be  ascertained,  until  a  coverslip  preparation 
was  made  of  the  blood,  when  it  was  found  to  contain  large  numbers 
of  anthrax  bacilli,  which  were  then  found  to  be  present  m  the  hver 

and  other  organs. 

The  method  of  examining  an  animal  supposed  to  have  died  from 
bacterial  infection  will  be  found  at  the  conclusion  of  this  chapter 

(p.  152).  ,  . 

Tuberculosis 

The  Bacillus  tuberculosis  is  the  organism  which  causes  phthisis, 
and  tuberculous  disease  generally.  It  is  found  invariably  associated 
with  these  lesions,  and  from  them  it  may  be  isolated  in  pure  cultures, 
which,  in  turn,  may  be  inoculated  into  susceptible  animals,  and  the 
disease  reproduced. 

In  the  lesions  in  the  inoculated  animal  the  tubercle  bacillus  may  be 
demonstrated,  and  pure  cultivations  again  made ;  so  that  this  organism 
conforms  to  all  of  Koch's  requirements  (p.  101),  enabling  one  to 
affirm  certainly  that  it  is  the  cause,  and  not  merely  the  concomitant, 
of  tuberculosis. 

Cultivations.— 5 Zoo(Z  smm.— In  about  twelve  days,  shghtly  raised, 
circular,  or  oval,  white  nodules  are  seen.  They  never  become  very 
copious,  nor  do  they  hquefy  the  medium.  Blood  serum  is  one  of  the 
best  media  for  obtaining  pure  cultures  from  phthisical  sputum, 
or  from  the  foci  of  tubercvilous  disease  in  the  tissues — e.g.  in  the 
case  of  a  tuberculous  hip- joint.  After  the  white  colonies  mentioned 
above  have  appeared,  they  should  be  transferred  to  the  glycerine 
agar,  which  is  the  more  favourable  medium. 

Glycerine  agar-ago.r. — Subcultures  from  blood  serum  thrive  well 
on  this  medium,  but  it  should  not  be  employed  for  cultivation  s  direct 
from  a  tuberculous  lesion.  After  from  twelve  to  sixteen  days, 
small,  opaque,  rounded  nodules  are  visible,  spreading  out  from  the 
seat  of  inoculation.  In  three  weeks  the  extension  of  the  growth  is 
obvious.  It  is  at  first  white  and  nodulated ;  later  on,  it  becomes 
of  a  biscuit  or  light-buff  colour.  The  surface  becomes  wrinkled  or 
foliated,  and  a  vigorous  growth  is  not  unlike  the  outside  of  a  Stilton 
cheese.  Less  vigorous  growths  present  a  dry,  slightly  polished, 
shrivelled  appearance  with  narrow,  more  or  less  horizontal  laminae 
standing  out  from  the  surface,  reminding  one  somewhat  of  an  agar 
culture  of  B.  subtilis. 
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Veal  hroth,\o  which  5  per  cent,  of 
glycerine  has  been  added,  has  been  re- 
commended by  Eoux,  and  others,  as  a 
favourable  medium.  The  gi-owth  appears 
as  a  white  flocculent  scum,  which  sinks 
to  the  bottom  of  the  flask.  If  flakes 
are  transferred  to  glycerine  agar,  typical 
growths  are  readily  obtained. 

Potato,  if  made  alkaline  with  a  solu- 
tion of  sodium  carbonate,  or  by  pouring 
over  it  nutrient  broth,  then  capped, 
and  kept  at  37°  C,  shows  white  colonies 
in  from  two  to  three  weeks. 

Gelatine. — The  organism  will  not 
grow  on  this  medium.  One  practical 
reason  why  the  organism  does  not  grow 
on  gelatine  is  that,  when  of  the  usual 
strength,  it  melts  at  24°  C,  and  the 
B.  tuberculosis  vnll  not  grow  either 
below  29°  C.  or  above  42°  C. 

Under  the  microscope,  the  organism 
appears  as  a  slender  bacillus,  slightly 
curved  ;  its  length  is  from  a  quarter  to 
half  the  diameter  of  a  red  corpuscle  ;  but 
it  varies  considerably,  so  that  its  length 
has  been  variously  estimated  at  from 
1"5  to  5yu,— the  average  being  about  2'5/i, 
its  width  being  from  -2  to  S/x.  The 
bacillus  frequently  appears  to  be  broken 
up,  its  protoplasm  being  aggregated  into 
little  points,  so  as  to  give  it  a  charac- 
teristic '  beaded  '  appearance ;  indeed, 
this  appearance  has  been  attributed  ^  to 
the  presence  of  spores,  a  subject  which 
will  be  referred  to  subsequently. 

In  young  cultures  the  bacilli  are 
often  shorter  and  thicker  than  those 
seen  in  phthisical  sputum,  &c.,  and  they 
generally  stain  more  uniformly,  so  that  the  beaded  appearance  is  less 
marked.    In  older  cultures,  on  the  other  hand,  the  bacilh  may  be 

'  The  beaded  appearance  has  also  been  attributed  merely  to  the  methods  of 
film-preparation. 


Fig.  77. — bacillus  TnBEBCXTLOSis 

Glycerine  sigar-agar  cmture,  several 
moutlis  old. 
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considerably  longer  than  in  sputum,  and  they  exhibit  well-marked 
beading.  One  end  may  be  clubbed;  very  rarely,  and  in  very  old 
culture's,  one  or  more  branches  may  be  seen.  This  branched  con- 
dition is,  though  still  rare,  more  commonly  seen  in  the  case  of  fowl 
(or  'avian')  tuberculosis.  Hueppe  and  his  pupil  Pischel  ^  have 
brought  forward  evidence,  based  on  investigations  as  to  the  branching 
of  the  mammalian  tuberculosis  organism,  which  tends  to  show  that 
'  the  tubercle  bacillus  is  the  parasitic  growth-form  of  a  pleomorphic 
mould  and  is  not  a  true  bacterium  at  all.  In  respect  to  its  mor- 
phology, it  is  closely  related  to  the  ray-fungus  '  (actinomyces),  which 
they  regard  as  an  undoubted  mould.  Coppen  Jones,  in  subsequently 
confirming  these  results,  has  made  it  appear  likely  that  this  mould 
possesses  a  kind  of  fructification 
resembhng  chlamydo-spore  ^-for-  ^ 
mation  (Hueppe).  .  .rs^ 

These  views  have  not  as  yet  \  . 

met  with  general  acceptance,  but 
they  will  have  an  important 
bearing  on  the  still  vexed  question 

as  to  the  occurrence  of  spore-  ^-<s^^' 

formation  in  -B.  tuberculosis. 

The  tubercle  bacillus  has  a 
special  sheath,  and  on  this  ac- 
count it  resists  simple  methods  of 
staining  ;  but,  when  once  stained,  -p^.^ 


TDBERCLE  BACILLI  IN  CENTRI- 


it  retains  the  colour  very  firmly,  fugaliseb  deposit,    x  925 

even    when    Strona;    decolorising        From  a  case  of  urinary  tuberciilosis.  Staiued 
°  by  ZieUl-Neelsen's  method.   (See  also  fig.  79.) 

agents,  such  as' 25  per  cent,  sul- 
phuric acid,  or  33  per  cent,  nitric  acid,  are  brought  in  contact  with 
it.  This  character  is  made  use  of  in  the  staining  of  phthisical 
sputum,  and  tuberculous  tissu.es  generally.  These  are  first  stained 
with  a  warm  solution  of  carbol-fuchsin,  a  decolorising  agent  is  then 
applied,  so  that  the  sputum,  or  tissues,  to  the  naked  eye  appear 
completely  decolorised.  Under  the  microscope,  however,  at  this 
stage  the  tubercle  bacilli  would  be  seen  to  be  stained  red,  all  other 
structures  being  decolorised.  It  is  convenient  to  counterstain  the 
latter  with  Loffler's  methylene-blue,  so  that  the  red  tubercle  bacilli 
are  thrown  up  in  relief  against  the  blue  background,  which  consists 
of  the  tissues,  or  cells,  pus,  &c.,  and  of  any  organisms  which  may  be 
present  other  than  tubercle  baciUi.  This  is  Ziehl-Neelsen's  method 
(for  details,  see  p.  130)  ;  and,  although  the  tubercle  bacillus  takes 
'  Hueppe,  The  Principles  of  Bacteriology,  p.  42  (figures  given).       -  See  p.  92. 
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Gram's  method  of  staining,  practically  Ziehl-Neelsen's  is  the  only 
method  used. 

Spore-formation  in  the  case  of  j5.  tuhermlosis,  though  highly  pro- 
bable, has  not  yet  been  proved  satisfactorily.  The  beaded  appearance 
of  the  bacilli  so  commonly  seen,  especially  obvious  on  staining  by 
Gram's  method,  and  the  clear  vacuole-like  spaces  intervening  be- 
tween the  aggregated  masses  of  protoplasm  (more  noticeable  in  some 
specimens  than  in  others),  have  been  attributed  to  the  presence  of 
spores.  The  statement  that  such  beads  have  been  demonstrated  to 
be  spores,  by  staining  with  Moller's  method,  remains  unconfirmed. 
On  the  other  hand,  the  fact  that  these  beads  take  the  simple  stains, 
carbol-fuchsin,  &c.,  just  like  the  rest  of  the  body  of  the  bacillus,  is 
opposed  to  the  behef  that  they  are  spores.  Chlamydo-spores  are 
described  by  those  who  regard  this  organism  to  be  a  mould  and  not 
a  true  bacillus  (p.  141). 

In  this  connection,  the  following  facts  are  of  importance  : 

Cultures  of  B.  tuberculosis  are  killed  by  heating  for  ten  minutes 
to  70°  C,  according  to  Yerain,  who  has  shown  that  a  solution  of  1  in 
20  carbolic  acid  causes  death  in  thirty  seconds. 

Phthisical  sputum  is  rendered  innocuous  by  momentary  heating 
to  67°-68°  C,  according  to  Macfadyen  and  Hewlett,^  '  so  that  milk 
which  has  been  "  pasteurised,"  i.e.  heated  to  68°-70°  0.  for  twenty  to 
thirty  minutes,  may  be  regarded  as  quite  safe.'  See  also  a  footnote 
on  p.  131. 

Sections  of  tuberculous  tissues,  which  should  have  been  previously 
imbedded  in  paraffin  or  celloidin,  are  best  stained  according  to 
Ziehl-Neelsen's  method ;  but  unless  dehydration  by  absolute  alcohol 
is  very  rapidly  performed,  counterstaining  of  the  tissue  and  organisms 
other  than  tubercle  bacilli,  by  methylene  blue,  is  difficult. 

In  caseating  lymphatic  glands,  pus,  very  chronic  tuberculous 
lesions  generally,  tuberculous  synovial  membrane,  salpingitis,  and 
lupus,  the  demonstration  of  tubercle  bacilli  is  not  always  easy.  A 
series  of  sections  should  be  examined. 

As  it  may  prove  to  be  a  serviceable  method,  it  may  be  mentioned, 
however,  that  the  writer  has  found  as  many  as  a  hundi'ed  tubercle 
bacilli  in  a  caseating  gland,  from  a  case  of  senile  tuberculosis,  on 
staining  a  film  obtained  by  rubbing  a  coverslip  over  the  cut  surface. 

Of  the  histological  changes,  little  need  here  be  said.  Besides,  or 
in  place  of,  the  formation  of  typical  giant-cell  systems — which,  how- 
ever, are  not  absolutely  pathognomonic  for  tuberculosis — there  may 
be  merely  the  production  of  granulomatous  tissue. 

'  Hewlett,  Manual  of  Bacteriology. 
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The  section  should,  therefore,  be  first  examined  under  the  two- 
third  inch  objective  for  giant-cells,  with  peripherally  placed  nuclei.  If 
these  are  present,  tubercle  bacilh  are  carefully  sought  for  with  the 
oil-immersions  lens,  within  and  around  the  giant-cells. 

In  the  absence  of  these  large  cells,  or  if  no  bacilh  have  been  found 
in  them,  prolonged  examination  should  be  made  of  the  aggregations 
of  smaller  round  cells,  resembling  granulomatous  tissue,  present  in 
the  section. 

Such  tissue  may  be  really  teeming  with  tubercle  bacilh,  even  m 
the  entu:e  absence  of  giant-cells,  as  in  a  case  of  tuberculous  meningitis 
examined  by  the  author. 

Tuberculous  milk,  and  urine,— in  cases  of  supposed  tuberculosis  of 
the  iirinary  tract  generally,— are  examined  in  exactly  the  same  way 
as  sputum,  after  centrifugaHsing  them  by  means  of  one  of  the  machines 
figured  on  pp.  131-2.  The  milk,  or  urine,  is  placed  in  the  glass 
tubes  provided,  these  having  been  previously  steriUsed  wijth  every 
precaution.  The  method  recommended  is  to  clean  away  obvious  dirt 
with  a  test-tube  brush,  then  soak  the  tube  for  at  least  ten  minutes 
in  concentrated  sulphuric,  or  nitric  acid ;  the  acid  is  poured  off  and 
the  tube  rinsed  in  tap-water,  then  in  distilled  water,  and  finally  in 
rectified  spirit.  This  is  allowed  to  drain  away,  and  the  tube  is 
plugged  with  a  sterile  rubber  stopper.  No  more  than  an  inch,  or  an 
inch  and  a  quarter,  of  fluid  is  put  in  the  tube,  as  when  placed  in  the 
machine  it  occupies  nearly  a  horizontal  position.  The  older  pattern 
of  centrifugal  machine  (fig.  67)  is  worked  by  hand,  but  it  may  be 
adapted  to  a  water-motor,  which  is  a  much  more  convenient  method. 
All  milk,  &c.  must  be  centrifvigalised  before  a  negative  decision  is 
come  to  as  to  the  presence  of  tubercle  bacilli ;  even  a  repeated 
examination  may  sometimes  fail  to  reveal  their  presence,  which  can 
then  only  be  ascertained  positively  by  inoculating  susceptible  animals, 
such  as  the  guinea-pig. 

The  carbolic  acid  method  (p.  131),  which  has  been  employed 
successfully  for  the  detection  of  tubercle  bacilli  in  watery  sputum, 
might,  in  an  emergency,  also  be  tried  for  urine,  &c.,  should  the 
centrifugal  machine  not  be  available. 

Certain  precautions  should  always  be  adopted  in  thus  investi- 
gating cases  of  urinary  tuberculosis.  The  urine  should  be  passed 
straight  into  a  carefully  sterilised  bottle  fitted  with  a  new  cork, 
either  through  a  sterile  glass  funnel,  or  drawn  off  with  a  pre- 
viously boiled  Jacques's  catheter.  A  glass  catheter  may  be  used  in 
the  case  of  women.  The  orifice  of  the  urethra  and  the  adjacent 
parts  should  first  be  carefully  cleansed.    These  precautions  are 
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necessary  because  fallacies  may  result  both 'from  the  employment  of 
urine  glasses  in  constant  use  in  the  wards  of  a  hospital,  and  from  the 
presence  of  the  Smegma  bacillus,  present  in  the  caseous-looking 
secretion  collecting  between  the  prepuce  and  the  glans  penis,  between 
the  scrotum  and  thigh,  between  the  labial  folds,  &c. 

The  smegma  bacillus,  Lustgarten's  syphilis  bacillus,  and  the  tubercle 
hacillus  closely  resemble  one  another  in  size  and  general  appearance, 
as  well  as,  but  to  a  less  extent,  in  the  difficulty  with  which  they  take 
up  a  simple  stain— e.g.  carbol-fuchsin— and  the  tenacity  with  which 
they  hold  that  stain,  when  treated  by  Ziehl-Neelsen's  method.' 

So  much  stress  has  recently  been  laid  upon  these  resemblances  that 
it  has  been  thought  necessary  to  allude  to  the  differential  diagnosis. 

The  diflFerences  in  staining  reaction  are  as  follows  : 

The  smegma  bacillus,  when  stained  by  Ziehl-Neelsen's  method, 
retains  the  carbol-fuchsin  dye,  even  after  treatment  with  25  per  cent, 
sulphuric  acid,  unless  exposure  to  the  acid  is  considerably  prolonged, 
but  is  rapidly  decolorised  by  alcohol.  Neither  the  smegma  nor  the 
syphilis  bacillus  is  pathogenic  for  animals. 

The  Syphilis  bacillus  of  Lustgarten  is  at  once  decolorised  hj 
25  per  cent,  sulphuric  acid,  but  is  less  susceptible  to  the  action  of 
alcohol.  Confirmation  of  Lustgarten's  claim  to  have  discovered  the 
organism  of  syphilis  is  not  yet  forthcoming,  whilst  some  have  even 
thought  the  syphilis  and  smegma  bacilli  to  be  identical.^ 

The  retention  of  the  stain  after  exposure  to  acid  in  the  case  of 
the  smegma  bacillus  appears  to  depend  on  some  fatty  body  present 
in  the  sheath  of  the  organism.  This  may  be  removed  by  placing  an 
unstained  film  in  absolute  alcohol  for  three  hours,  and  then  in  chromic 
acid  for  fifteen  minutes.  Subsequent  attempts  at  staining  by  Ziehl- 
Neelsen's  method  will  result  in  the  decolorisation  of  smegma  bacilli 
by  the  acid,  so  that  they  finally  appear  blue  from  the  methylene -blue 
counterstain,  any  tubercle  bacilli  present  remaining  of  a  red  colour. 

The  precaution  of  drawing  off  the  urine  by  catheter,  after  cleansing 
the  meatus,  greatly  minimises  the  possibihty  of  contamination  with 
smegma  bacilli. 

It  has  been  stated  by  French  writers  that  in  two-thirds  of  the 
cases  of  undoubted  urinary  tuberculosis,  the  tubercle  bacillus  is 
not  to  be  detected  by  microscopic  examination  alone,  English  writers 
stating  this  proportion  to  be  one-half,  the  positive  results  in  the  other 
cases  only  being  obtained  by  the  inoculation  of  susceptible  animals. 

'  The  similarity  between  tubercle  and  leprosy  bacilli  is  dealt  with  subsequently. 
■  The  already-mentioned  differences  in  staining  reactions  are,  however,  opposed 
to  this  view. 
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After  examining  a  very  considerable  number  of  mnnes  from  cases 
of  supposed  urinary  tuberculosis  occurring  in  hospital  and  private 
practice,  personal  experience  leads  me  to  the  beUef  that  prolonged 
examination  of  the  stained,  centrifugalised,  urinary  deposit  by  any 
careful  observer  will,  in  most  cases,  give  a  positive  result,  if  the  case 
be  really  one  of  tuberculosis.  In  the  event  of  a  negative  result, 
where  the  clinical  features  of  the  case  favour  the  diagnosis  of  tuber- 
culosis, inoculation  of  highly  susceptible  animals,  such  as  the  guinea- 
pig,  should  be  resorted  to,  as  this  is  the  most  reliable  method  of  all,  a 
reliable,  positive  result  being  obtainable  in  a  fortnight,  or  even  earlier 
(see  p.  148). 

The  inoculation  of  animals  for  diagnostic  purposes,  with  a  fluid 
suspected  of  containing  tubercle  bacilli. 

The  most  suitable  animal  is  a  guinea-pig,  and  the  method  recom- 
mended is  to  inject  into  the  subcutaneous  tissue  in  the  neighbourhood 
of  the  left  knee  joint,  1  or  2  cub.  cms.  of  an  emulsion  made  by  rubbing 
up  in  sterile  nutrient  broth,  or  normal  saline  solution,  the  suspected 
material,  sputum,  centrifugalised  urinary  deposit,  &c. 

Two  animals  are  used :  the  first  is  killed  in  a  fortnight's  time,  and 
if  the  lesion,  to  be  mentioned,  is  found,  the  second  animal  is  killed  in 
three  weeks'  time ;  but  should  there  be  no  evidence  of  tuberculosis  in 
the  first  animal,  the  second  is  kept  for  four  or  five  weeks.  Film 
preparations  to  show  the  tubercle  bacilli  may  be  made  from  the 
caseating  lymphatic  glands,  as  also  pure  cultures  on  serum. 

The  advantages  of  this  method  of  inoculating  guinea-pigs  for 
the  diagnosis  of  tuberculosis  were  pointed  out  by  Sheridan  Delepine.' 
The  accompanying  drawing  (fig.  79)  has  been  made  to  illustrate  the 
effect  of  such  inoculation  with  the  centrifugalised  deposit  from  the 
urine  from  a  case  of  tuberculous  disease  of  the  kidney.  The  cen- 
trifugalised deposit  itself,  from  the  same  case,  shows  (tig.  78)  the 
presence  of  tubercle  bacilli  in  clumps. 

Lesions  in  the  inoculated  animal. — As  Sheridan  Del6pine  pointed 
out  (Zoc.  cit.)  the  lymphatic  glands  are  affected  in  a  detinite  order 
by  the  tubercle  bacilH  injected,  so  that,  beginning  from  the  seat  of 
inoculation  in  the  region  of  the  left  knee  joint,  the  first  one  to  be 
affected  is  the  left  popUteal  gland.  This  shows  well-marked  caseation, 
and  is  frequently  reduced  to  a  mere  bag  of  'pus,'  which  may  escape 
into  the  tissues,  forming  an  abscess  between  the  muscles  of  the  thigh, 
extending  almost  up  to  the  pelvis. 

The  next  glands  to  be  affected  are,  in  order,  the  left  superficial 
'  Brit.  Med.  Journ.,  September  23,  1893. 

L 


Fig.  79.-EXPEKIMENTAL  TTJBEECULOSIS  IN  A  GUINEA-riG  (ABOUT  THE  THIRD 
WEEK  AFTEll  INOCULATION) 

This  animal  was  injected  by  the  author,  according  to  ^Xlfm^U^s^  cSp 

with  the  ceutrifugalised  deposit  from  urine  from  a  case      ^ub^c  U^^^^^^^  coy  i 

preparation,  fig.  78,  was  made  from  the  centrifngahsed  deposit  from  same  case. 
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and  deep  inguinal,  the  sub-lumbav  (adjacent  to  the  left  common 
iliac  vessels),  the  renal,  and  a  gland  in  the  hilum  of  the  liver,  which 
can  only  be  well  seen  on  turning  aside  the  stomach  and  pushing  up 
the  liver,  so  as  to  fully  expose  its  under  surface.    This  gland  lies 


Riglit  subniaxillary  gland  \ 

Right  deep  cervical  gland 

Mediastinal  glands 
Left  bronchial  glands  - 


Left  lung,  turned  over  to 
right  side 


/  Left  submaxillary  glaud 


Left  deep  cervical  gland 


Axillary  and  subscapular 
■lands 


^  ^  G-all  bladder,  lying  on  the 
'\\      under  surface  of  the 


Eetro-hepatic  gland,  ly- 
ing on  upturned,  under 
surface  of  liver 
Right  suprarenal  gland 


Right  kidney 


Right  sublumbar  ^ 
glands 

Right  superficial 
inguinal  glands 

Right  deep  inguinal 
glands 


Bladder  ,A\ 


Left  suprarenal  gland 
■Spleen  (diseased) 


Retro-peritoneal 
glands 

Left  snblumbar 
glands 

Left  superficial  in- 
guinal glands 


,  Left  deep  inguinal 
giauds 


Left  popliteal  glands 


Pig.  80.— Key-plan  to  fig.  79 

close  to  the  head  of  the  pancreas.  Nodules  of  disease  are  also 
frequently  observed  in  the  spleen  (fig.  79). 

Passing  through  the  diaphragm,  the  tubercle  bacilU  affect  the 
glands  around  the  root  of  the  left  lung  and  in  the  axilla  of  the  same 
side,  then  pass  upward  into  the  glands  of  the  neck.    All  this  infection 
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takes  place  before  the  lymphatic  glands  ol  the  opposite  side  of  the 
body  become  affected,  and  the  appearance  presented,  even  so  early  as 
the  second  or  third  week,  is  very  striking.  The  diseased  (tuberculous) 
left  sublumbar  gland  may,  for  instance,  be  an  inch  long,  by  quarter  of 
an  inch  wide,  whilst  the  unaffected  right  gland— often  less  than  half 
an  inch  away  on  the  other  side  of  the  body— may  be  so  small  as  to  be 
only  just  perceptible  (fig.  79). 

Sheridan  Delepine  ^  states  that : 

Inoculation  of  the  skin  on  the  inner  aspect  of  the  left  hind  limb,  just  below 
the  knee,  gave  the  following  results  : 

(a)  Before  the  end  of  the  second  week  there  was  marked  tuberculosis  of  all  the 
lymphatics  below  the  diaphragm,  on  the  side  inoculated.  The  spleen  was 
distinctly  affected.    The  liver  was  beginning  to  be  involved. 

(b)  Before  the  end  of  the  third  week,  in  addition  to  the  above  organs,  the  liver 
was  distinctly,  the  lungs  were  beginning  to  be,  and  the  bronchial  and  mediastinal 
glands  were  distinctly  affected. 

(c)  At  the  end  of  the  fourth  week,  and  up  to  the  end  of  the  fifth,  the  glands  of 
both  fore  limbs,  and,  to  a  less  extent,  of  the  neck,  began  to  be  involved  on  both 
sides  of  the  body. 

(d)  Before  the  end  of  the  seventh  week,  the  superficial  inguinal  glands,  on  the 
side  of  the  body  not  inoculated,  began  to  enlarge. 

(e)  Before  the  end  of  the  eighth  week,  the  deep  inguinal  glands,  on  the  side  not 
inoculated,  began  to  enlarge. 

(/)  Even  at  the  end  of  fifteen  weeks,  the  sublumbar  gland  on  the  right  side 
showed  little  evidence  of  tuberculosis,  and  the  popliteal  none. 

Tuberculosis  in  animals. — This  disease,  whilst  very  commonly 
occurring  in  oxen  and  fowls  (avian  tuberculosis),  is  rare  in  horses, 
cats,  dogs,  and  pigs,  and  very  rare  in  sheep  and  goats. 

Though  the  lungs,  pleura,^  lymphatic  glands,  and  liver  are  generally 
most  affected  in  cows,  tuberculous  mammitis  is  always  the  chief 
lesion  to  be  feared,  as  otherwise  the  milk  and  flesh  appear  not  to 
contain  the  specific  organism,  or  to  convey  the  disease,  to  judge  by 
Nocard's  experiments.  In  fowls,  the  abdominal  viscera  are  chiefly 
attacked. 

The  bacillus  in  human  and  bovine  tuberculosis  is  identical. 
Some  doubt  exists  in  the  case  of  avian  tuberculosis,  partly  on  account 
of  the  fact  that  its  cultures  flomish  vigorously  at  43°  C,  whilst  those 
of  human  tubercle  bacilh  cease  to  grow  at  41°  C.  Further,  dogs  are 
susceptible  to  human,  but  insusceptible  to  avian  tuberculosis,  whilst 

'  Sheridan  Delepine, '  On  the  Value  of  Experimental  Tuberculosis  in  Diagnosis ,' 
Brit.  Med.  Journal,  pp.  665-6,  vol.  ii.  1893.  Important  details  are  given  in  '  The 
Spread  of  Tuberculosis  through  the  Lymphatics,'  Med.  Chronicle,  May  1894. 

-  When  affecting  the  pleura,  pendulous  masses  of  nodules  are  formed  on  the 
surface,  the  disease  being  then  known  by  the  name  of  '  grapes,'  a  figure  of  which 
will  be  found  in  Crookshank's  Bacteriology. 
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fowls,  highly  susceptible  to  avian,  are  more  or  less  insusceptible  to 
human  tubercle  (Strauss  and  Gamaleia).^  In  spite  of  these  facts,  and 
the  dryness  and  scahness  of  cultures  of  the  human  variety,  compared 
with  the  moist,  greasy  look  of  avian  cultures,  further  investigations 
seem  to  lead  to  the  conclusion  that  the  two  bacilli  are  not  distinct 
species,  but  races  of  the  same  organism. 

Tuberculin.— Koch's  original  tubercuHn  is  prepared  as  follows. 
Glycerin-veal  broth  cultures,  which  need  not  be  virulent,  are  grown 
for  from  six  to  twelve  weeks  in  large  shallow  flasks,  so  as  to  facilitate 
free  oxygenation  and  the  formation  of  a  copious  surface  growth. 
These  hquid  cultures  are  concentrated  to  one-tenth  of  their  original 
bulk,  and  are  then  passed  through  a  Chamberland  filter. 

The  filtrate,  viscid  on  account  of  the  glycerin  present,  and  of 
brown  colour,  produces  no  effect  when  injected  into  healthy  animals, 
or  human  beings  ;  but  extremely  minute  doses,  where  tuberculosis, 
or  lupus,  is  present,  cause  a  sharp,  though  temporary,  elevation  of 
temperature,  more  or  less  collapse,  and  the  formation  of  locahsed 
swellings  due  to  acute  hyperaemia,  with  great  distension  of  the 
capillaries  in  the  areas  where  the  disease  is  located.^ 

In  lupus,  especially,  necrotic  changes  occur  with  much  exfoHation  ; 
after  repeated  doses  marked  improvement  is  apparent  for  a  time.  In 
most  cases  there  is  recurrence  in  the  healed  areas. 

This  reaction  to  tuberculin  is  now  extensively  made  use  of  as  the 
best  mode  of  detecting  latent  tuberculosis  in  cattle. 

Later  tuberculin  preparations. — In  1897  Koch  introduced  three 
new  tuberculins,^  distinguished  by  the  letters  T A,  TO,  and  T E, 
signifying,  respectively,  alkaline,  upper  (Germ,  oher),  and  residual 
tuberculins.  For  their  manufacture,  young,  and  very  virulent,  cultures 
are  necessary, 

Tuherctdin  A,  or  T  A,  is  extracted  from  such  cultures  by  means  of 
a  10  per  cent,  sokition  of  caustic  soda,  and  the  solution  is  filtered. 
The  fatal  objection  to  its  clinical  use  is  the  formation  of  abscesses, 
which  do  not  result  with  the  use  of  T  0,  or  T  E, 

Tuber ciilins  0,  and  B,  {T  0,  and  TB),  are  prepared  by  vigorously 
triturating  (pounding)  in  a  mortar,  driven  by  machinery,  dried 
cultures  of  tubercle  baciUi,  and  then  adding  distilled  water.  The 
emulsion  is  thoroughly  centrifugalised.    The  supernatant  clear,  but 

'  Quoted  in  the  English  edition  of  Thoinot  and  Masselin's  Outlines  of  Bac- 
teriology. As  a  matter  of  fact,  as  the  editor  states,  fowls  have  been  successfully 
inoculated  with  human  tuberculosis. 

-  See  Deut.  Med.  Woch.,  April  1,  1897  ;  or  Brit.  Med.  Journ.,  April  7  et  sea 
1897. 
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opalescent,  fluid  in  the  upper  part  of  the  tube  is  free  from  bacilli, 
and  constitutes  in  the  case  of  this  first  centrifu^lisation  tubercuUn 
0,  (T  0). 

The  cUbris  of  tubercle  bacilli  at  the  bottom  of  the  tube  is  used  for 
the  production  of  tuberculin  E,  (T  E).  It  is  dried,  triturated  with 
distilled  water,  and  centrifugahsed  again  and  again,  till  hardly  any 
debris  remains.  The  several  portions  of  supernatant  fluid  removed 
in  these  repeated  operations  all  act  similarly,  and  are  classed  together 
as  tuberculin  E,  (T  E). 

To  preserve  T  O  and  T  E,  20  per  cent,  of  glycerin  should  be  added. 

It  should  be  said  that  T  E  is  alone  used  clinically.  The  liquid 
contains  10  milligrammes  of  solid  matter  per  cub.  cm.,  the  dose  being 
slowly  increased  from  ^  to  20  milhgrammes  of  the  solid  matter 
(Hewlett). 

The  most  remarkable  property  of  the  new  tuberculin  (but  this  is 
chiefly  confined  to  TE)  is  that  by  its  previous  use,  in  graduated 
doses,  complete  immunity  can  be  conferred  on  such  highly  susceptible 
animals  as  guinea-pigs,  experimentally  inoculated  with  virulent 
cultures  of  tubercle  bacilli.  Whatever  may  be  said  of  the  results  of 
its  clinical  use,  there  can  be  no  question  as  to  the  immense  scientific 
value  of  this  discovery  of  the  immunising  properties  of  T  E,  which 
are  undoubted. 

Pseudo-tuberculosis  is  the  name  which  has,  rather  unfortunately, 
been  applied  to  certain  diseases  in  which,  to  the  naked  eye,  the 
morbid  appearances  resemble  to  a  greater  or  less  degree  those  of  true 
tuberculosis.  A  variety  of  micro-organisms,  strepto-thrix  filaments, 
and  moulds,  e.g.  Aspergillus  fiimigattcs,  have  been  found  in  these 
lesions.  A  very  common  parasitic  worm  in  sheep,  the  Strongykts 
filarice,  produces  small  pearly-grey  glistening  nodules  in  the  lungs, 
and  these  have  frequently  been  mistaken  for  tuberculous  disease. 

In  a  recent  discussion  >  on  this  subject,  the  Committee  of  the 
Pathological  Society  .of  London  rightly  condemned  the  further  use  of 
such  a  misleading  and  unscientific  term  as  pseudo-tuberculosis.  The 
word  '  tuberculosis  '  ought  to  be  strictly  hmited  to  disease  ascertained 
to  be  due  to  tubercle  bacilli ;  and,  wherever  possible,  the  less  am- 
biguous terms  '  nodule,' '  nodular '  should  replace  the  words  '  tubercle ' 
and  '  tubercular.'  The  systematic  bacteriological  examination  of 
cases  in  the  post-mortem  room  would  do  away  with  the  necessity  for 
using  terms  convenient  chnically,  perhaps,  but  rather  loose  and  mis- 
leading otherwise. 

>  Trans.  Path.  Soc.  Lond.  1899. 
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Leprosy 

This  disease,  known  to  the  ancients  under  the  name  of  Elephan- 
tiasis Gr^orum,  attacks  primarily  either  the  skin  or  the  nerves; 
s  "  n^^^^^^^^^  tissues  become  involved.  Two  types  of  disease  are 
thus  commonly  described:  (1)  the  skin,  tubercular  or  nodulated, 

eprosy  ;  (2)  the  nerve,  or  anesthetic,  form  ;  a  third,  but  less  common 
type  s  h  mixed,  or  complete,  leprosy.    The  anesthetic  form  is  said 

0  be  more  frequent  in  tropical  countries,  and  the  nodular  m  Eui-ope^ 
B  lepr*  -The  organism  of  leprosy  presents  a  striking  resemblance 
to  that  of  tuberculosis,  both  microscopicaUy,  and  as  regards  its  stammg 
reactions.   It  is  rather  thinner,  but,  generally  speakmg,  a  little  longer 


Fig.  81. — b.  LBPRa;  in  dischaege  feom 

UIXEB  ON  THE  GEEAT  TOE.      X  925 
Notice  tbe  aggregation  into  ovoid  areas,  probably 
ilegenerated  lepra  cells.   (Ziehl-Neelsen's  method.) 


Pig.  82. — b.  lepejE  in  lepra  cells  in 

SKIN 

(Stained  by  Ziehl-Neelsen's  method.) 


(5  to  6/a),  than  the  tubercle  bacillus  (2  to  4  or  5/a),  though  considerable 
variations  occur.  The  diseased  areas  of  skin  and  nerves  are  often 
crowded  with  bacilU  (fig.  82),  generally  situated  within  large,  ovoid, 
'  lepra  cells.'  They  present  a  typical  appearance,  the  protoplasm 
being  aggregated  into  a  series  of  little  beads,  separated  by  clear 
vacuole-like  spaces.  Some  stain  uniformly,  and  of  those  seen  in  the 
discharge  from  an  ulcer  (fig.  81)  a  good  many  are  decidedly  smaller 
than  the  average  tubercle  bacillus.  The  beaded  appearance  in  the 
case  of  both  organisms  mentioned  has  led  some  to  believe  that  it 
may  indicate  spore  formation,  but  this  is  extremely  doubtful  (see 
p.  144). 

The  leprosy  bacillus  readily  takes  the  simple  stains.  The  beaded 
appearance  is  weU  brought  out  by  Gram's  method.  Ziehl-Neelsen's 
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method,  however,  is  generally  employed, 'exactly  as  in  the  case  of 
B.  tuberculosis. 

Though  the  discharge  from  the  ulcers  and  the  diseased  tissues 
contams  the  orgamsm  in  such  large  numbers,  cultivation  outside  the 
body  has,  so  far,  not  been  very  successful.  Campana,  of  Eome,  claims 
to  have  done  so  in  stab  glucose  agar,  but  complete  proof  that  the 
organism  thus  isolated  is  that  of  leprosy  is  not  yet  forthcoming. 

In  sections,  leprosy  bacilli  occur  aggregated  together  in  large 
numbers,  chiefly  in  the  ovoid  lepra  cells  to  which  reference  has  already 
been  made.  The  appearance  thus  presented  strongly  contrasts  with 
that  observed  in  sections  of  tuberculous  tissue. 

In  the  discharge  from  leprous  ulcers,  the  same  tendency  to 
aggregation  into  ovoid  masses  is  often  noticeable,  and  this  is  probably 
due  to  the  bacilh  being  within  a  lepra  cell,  the  outline  of  which, 
however,  is  often  indistinct,  or  invisible.  Discharges  from  such 
patients  may,  therefore,  prove  to  be  a  serious  source  of  contagion. 

Contrasting  the  staining  reactions  of  the  two  organisms,  it  may  be 
stated  that  the  leprosy  bacillus  takes  the  stain  quicker,  even  in  the 
cold,  and  retains  it  more  firmly  even  on  exposure  to  25  per  cent, 
sulphuric  acid,  than  in  the  case  of  the  tubercle  bacillus,  which  stains 
better  in  the  warm  than  in  the  cold. 

Method  of  examining  an  animal  dying  of  an  infective  disease.— It 
will  be  convenient  here  to  mention  the  best  way  of  making  a  2)ost- 
mortem  examination  of  an  animal  whose  death  is  suspected  to  be  due 
to  micro-organisms.  Three  pairs  of  scissors  (stout,  medium,  and 
fine),  three  sets  of  scalpels,  and  three  pairs  of  dissecting  forceps  are 
sterihsed  by  boiling.^  An  enamelled  frying  pan  is  very  useful  for  this 
purpose.  The  animal  being  dead,  or,  if  necessary,  killed  by  chloro- 
form, is  pinned  out  on  a  board,  the  abdominal  surface  upwards.  A 
bowl  of  1  in  1,000  perchloride  of  mercury  lotion  is  always  to  be 
kept  at  hand,  partly  in  case  of  accidents.  With  this  the  hair,  which 
may  be  previously  clipped  short,  is  thoroughly  douched,  and  by  means 
of  the  scalpel  (or  scissors)  and  forceps  the  skin  is  reflected  in  the 
median  line  in  its  whole  length  from  the  hyoid  cartilage  downwards. 
It  is  turned  completely  aside,  so  that  none  of  the  fur  shall  get  in  the 
way  during  the  subsequent  incisions.  Before  incising  the  muscular 
layers,  lymphatic  glands,  where  exposed,  should  be  examined  to  see 
if  there  is  any  evidence  of  tuberculosis.  The  chief  glands  are  the 
superficial,  and  deep,  inguinal,  and  the  popliteal  (see  diagram,  fig.  80). 

'  As  the  use  of  boiling  water  (as  also  a  solution  of  1  in  20  carbolic  acid)  destroys 
the  sharp  edges  of  knives,  and  tends  to  rust  hypodermic  needles,  boiling  oil  is 
recommended,  especially  for  hypodermic  needles,  at  the  Pasteur  Institute  at  Paris. 
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The  abdominal  muscles  are  then  swabbed  with  the  perchloride 
lotion  ;  or,  in  the  hnes  of  the  incisions  that  are  to  be  made,  a  bar  of 
iron,  or  gl'ass  rod,  heated  to  redness  may  be  laid.  This  forms  white 
linear  scars,  the  tissues  of  which  are  thus  rendered  sterile ;  incisions 
may  now  be  safely  made  along  these  lines,  using  the  second  set  of 
sterile  instruments.  It  is  convenient  to  make  a  median  incision  from 
the  extremity  of  the  sternum  to  the  pubes,  and  also  to  cut  obhquely 
along  the  costal  margins.  Incisions  are  then  made  at  right  angles 
to  the  median  one,  about  the  level  of  the  groin  on  either  side,  so  that 
two  large  flaps  can  be  turned  completely  aside,  exposing  the  contents 
of  the  abdomen.  Should  there  be  any  serous  exudation,  or  haemor- 
rhage, or  lymph,  some  of  it  is  sucked  up  in  sterile  pipettes  (fig.  62), 
and  inoculations  made  at  once  by  blowing  some  of  the  contents  into 
tubes  of  suitable  media.  Covershp  preparations  may  be  made  at 
the  same  time,  for  which  simple  staining  with  carbol-fuchsin,  or 
Loffler's  blue,  is  generally  all  that  is  necessary,  though  the  Gram- 
Eosin  method  is  often  very  effective. 

The  intestines,  if  showing  no  obvious  disease,  are  turned  aside, 
using  the  third  set  of  sterile  instruments.  The  lymphatic  glands  are 
first  carefully  examined — namely,  the  deep  inguinal  glands,  this  time 
from  within  the  abdominal  cavity  (although  by  puishing  up  Poupart's 
ligament  they  may  also  be  seen  before  the  abdomen  is  actually 
opened).  The  sublumbar,  the  renal,  the  retro-hepatic,  and  the  other 
glands  may  in  turn  be  sought  for  as  directed  in  the  lesson  on  tuber- 
culosis (p.  145). 

If  nothing  is  obvious  in  this  direction,  the  next  thing  is  to  cut  into 
the  spleen  with  a  knife  from  the  third  set  of  instruments.  Holding 
the  spleen  with  fine  forceps,  the  incision  is  made  across  its  substance, 
and  with  a  sterile  needle  a  film  preparation  is  made ;  or  a  cover 
slip  may  be  actually  rubbed  into  the  cut  surface.  The  film  of  splenic 
pulp  is  dried,  fixed,  and  stained  in  the  usual  way.  Anthrax  bacilli, 
and  other  organisms,  are  thus  very  readily  and  quickly  demonstrated, 
and  cultivated,  if  desired.  If,  on  a  similar  examination  of  the  other 
abdominal  organs,  liver,  kidney,  &c.,  no  gross  lesion  is  discovered, 
the  thorax  is  opened,  any  pleuritic  effusion  collected  in  a  sterile  pipette 
and  examined  in  the  way  akeady  mentioned ;  and  lastly,  holding  the 
heart  by  means  of  the  third  pair  of  sterile  forceps,  the  surface  is 
scarified  by  means  of  the  glass  rod,  or  iron  bar,  heated  to  dull  redness. 
A  fresh  sterile  pipette  is  passed  through  the  scarred  area  into  the 
ventricle,  and  the  heart  blood  collected.  Cultures  may  be  made  on 
serum  and  other  media  from  this  pipette,  and  what  remains  can  be 
examined  as  a  film. 
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LESSON  XVI 

GLANDERS.     DIPHTHERIA,  &C. 

A.  Bacillus  mallei. 

B.  Bacillus  diphtheriae  (Klebs-Loffler  bacillus). 

A.  I.  Cultivations  on 

(i)  Glycerin-agar.       (ii)  Potato. 
II.  Stain  coverslip  preioarations,  with — 

(i)  Loffler's  blue.        (ii)  Anilin-gentian-violet. 
(iii)  By  Gram's  method  {the  film  is  decolorised). 

III.  Pus  from  a  diseased  animal  may  be  stained  in  either  of  the 
above  ways,  II.  (i)  and  (ii),  or  by  the  methylene-blue-eosin  method 
employed  for  gonococci  (p.  116). 

IV.  Stain  sections  of  hmg,  from  a  case  of  glanders,  by  Noniewicz's 
method,  as  follows : 

1.  Pour  on  Loffler's  methylene  blue.    After  two  to  five  minutes, 

2.  Wash  in  distilled  water. 

3.  Decolorise,  according  to  the  thickness  of  section,  from  one  to 
five  seconds,  in  a  mixture  of  0*5  p.c.  solution  of  acetic  acid,  75  parts ; 
0'5  p.c.  watery  solution  of  tropseolin,  25  parts. 

4.  Wash  again  in  distilled  water. 

5.  Spread  on  shde  gently,  absorb  excess  of  water  with  blotting- 
paper,  dry  in  the  air,  or  in  paraffin  cupboard  at  60°  C. 

6.  Clarify  with  xylol,  and  mount  in  Canada  balsam. 

The  bacilli  are  deep  blue  in  colour,  and  the  lung  itself  is  of  a  light 
blue  tint,  or  may  be  nearly  decolorised.  The  bacilli  are  most  readily 
found  by  looking  with  the  low  power  for  degenerated,  or  necrotic, 
and  more  or  less  badly  staining,  areas. 

Hewlett  1  recommends  staining  sections  in  carbol-methylene  blue 
for  half  an  hoiir,  rinsing  in  1  per  cent,  acetic  acid,  dehydrating  in 
anilin  oil,  and  clarifying  in  xylol.  The  section  is  mounted  in 
balsam,  as  usual. 

B.  I.  (a)  Cultivatioois  of  each  variety,  long  and  short  forms,  of 

B.  diphtheria  : 

(i)  Gelatine  stab.  (ii)  Gelatine  streak, 

(iii)  Agar-agar  streak.       (iv)  Glycerin  agar-agar  streak, 
(v)  Blood  serum.  (vi)  Broth. 

'  Hewlett's  Manual  of  Bacteriology. 
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(6)  G^oUivaUons  from  fresh  diphtheritic  membrane,  on  serum. 

II.  Stain  coverslij)  i^reparations  of  each  variety— 
"  (i)  With  Loffler's,  or  carbol-methylene  blue. 

(ii)  With  carbol-fuchsin. 

(iii)  By  Gram's  method.  ,   n-  , 

III.  Stam  films,  made  by  rubbing  up  a  Httle  of  the  fresh  diphthe- 
ritic membrane,  by  the  Gram-Eosin  method. 

IV  Stam  paraffin  sections  of  diphtheritic  membrane,  covering  the 
epiglottis,  or  fauces,  by  the  Gram-Eosin,  or  Eosin-Gram-Weigert 
methods. 

Glanders 

Glanders.— This  disease— in  Prance  called  morve,  in  Germany 
_Bote— which  affects  chiefly  horses,  asses,  and  mules,  but  by  contagion 
and  direct  inoculation  may  also  be  conveyed  to  man,  is  caused  by 
the  Bacillus  mallei.    There  are  two  forms  of  the  disease. 

One  affects  the  respiratory  passages  with  the  formation  of  minute 
grey  points,  which  may  be  readily  mistaken  for  miUary  tuberculosis, 
but  really  consist  of  granulomatous  tissue,  which  undergoes  necrosis 
in  the  centre,  the  broken-down  yellow  material  closely  resembUng 
pus,  in  which  the  organisms  are  readily  demonstrated.  There  is 
inflammation,  with  ulceration,  of  the  nasal  mucous  membrane,  accom- 
panied by  discharge  from  the  nostrils,  which  is  very  characteristic, 
and  is  perhaps  the  most  frequent  source  of  contagion  for  grooms  and 
others  in  charge  of  horses,  the  hand  or  arm  in  such  cases  being 
generally  infected  before  the  nose.    This  is  glanders  proper. 

The  other  clinical  form,  known  as  farcy,  is  characterised  by  the 
production  of  nodules  in  the  skin  and  subcutaneous  tissues,  known 
by  the  name  of  farcy  buds.  This  form  of  the  disease  most  frequently 
appears  in  the  region  of  the  neck  and  chest,  and  between  the  nodules 
mentioned  the  lymphatics  stand  out  very  prominently.  The  muscles 
may  be  involved,  and  such  foci  of  disease  may  give  rise  to  a  condition 
not  unlike  that  of  phlegmonous  erysipelas,  and,  in  some  cases,  iso- 
lated foci,  which,  when  broken  down  by  degeneration,  closely  resemble 
carbuncles  (Abbott).  Secondary  implication  of  the  lungs,  kidneys, 
&c.,  may  follow,  the  tissues  becoming  necrosed  at  the  diseased  foci, 
and  here  the  bacilli  may  sometimes  be  demonstrated  in  large 
numbers.  In  the  discharges,  however,  the  bacilh  are  found  often 
only  with  great  difficulty.  In  its  acute  form,  the  disease  in  man 
runs  a  fatal  course  in  two  or  three  weeks,  with  high  temperature, 
delirium,  &c.  (Hewlett).  Every  care  should  therefore  be  taken  when 
working  with  cultures  or  suspected  material. 
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CultiY^tiom.-Gelatine  streaL-This  is  not  a  favourable  medium, 
owing  to  the  low  temperature  at  which  it  is  necessary  to  keep  it 
The  organism  does  not  develop  satisfactorily  at  a  temperature  below 
^4  O.,  the  small  amount  of  growth  which  does  appear  being  of  brown 
colour.    No  liquefaction  occurs. 

Agar-agar.— The  growth  is  moist  and  fairly  well  defined.  It  is  of 
a  dull  grey  colour,  and  does  not  rapidly  spread  over  the  surface  of 
the  medium  ;  in  other  respects  it  does  not  present  any  characteristic 
appearance. 

Potato.— An  exuberant,  moist,  yellow-wax-like,  or  honey-Hke, 
growth  appears  in  twenty-four  hours,  darkening  in  tint  to  a  brown  or 
reddish  brown ;  the  growth  is  very  viscid,  or  mucoid,  in  consistence. 


Fig.  83. — glandees  bacilli,     x  925 
Grlyceriu  agar  culture. 


Fig.  84. — glandebs  bacilli  in  a 
section  of  lung.    x  925 


Broth  is  speedily  rendered  turbid,  and  a  viscid  deposit  forms  in 
a  few  days.  Virulent  cultures  should  be  kept  always  in  the  incubator 
at  37°  C,  as  the  virulence  readily  diminishes. 

Under  the  microscope,  the  organisms  are  seen,  in  film  prepara- 
tion (fig.  83),  to  be  rod- shaped  bacilli,  arranged  singly,  in  pairs, 
and,  occasionally,  in  threads.  The  bacillus  may  be  very  short,  with 
rounded  ends,  but  one  end  is  frequently  pointed,  and  the  other  some- 
what thickened  and  clubbed.  Instead  of  being  more  or  less  straight, 
the  organism  may  have  its  ends  curved  in  opposite  directions,  hke  an 
italic  /.  It  stains  very  irregularly,  an  appearance  which  has  given 
rise  to  some  discussion  as  to  spore  formation,  but  there  is  no  direct 
evidence  in  favour  of  there  being  spores.  Amongst  the  shorter  rods, 
especially  in  sections  of  the  lung  (fig.  84),  much  longer  ones  may  be 
seen  in  places.  The  organism  appears  to  have  a  special  aflinity  for 
Loffler's  methylene  blue  among  the  simple  stains.    It  is  decolorised 
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by  Gram's  method,  thus  contrasting  with  diphtheria  baciUi,  although 
no  confusion  ought  to  arise  if  ordinary  care  is  taken  in  microscopic 
examination.  In  sections,  however,  whatever  stain  be  used,  de- 
colorisation  of  the  organism  only  too  readily  occurs,  rendering  its 
detection  in  tissues  somewhat  difficult. 

Mallein.— The  active  poison  produced  by  the  glanders  bacillus 
{B.  mallei)  is  called  mallein,  and  appears  to  hold  the  same  general 
relations  to  that  organism  as  Koch's  tubercuhn  has  to  the  tubercle 
bacillus— that  is  to  say,  when  injected  into  a  healthy  animal  there  is 
little  reaction ;  but  if  the  animal  be  glandered,  in  from  four  to  ten  or 
twelve  hours,  at  the  point  where  subcutaneous  injection  has  been 
made,  a  severe  reaction  begins  to  be  manifest,  and  also  great  consti- 
tutional disturbances,  accompanied  by  fever.  Injection  with  mallein 
is  the  means  now  constantly  employed  to  detect  the  presence  of 
glanders  in  suspected  horses,  the  rise  of  temperature,  2°  or  3°  C. 
above  normal,  &c.,  serving  to  indicate  the  disease  unmistakably. 

Mallein  is  prepared  by  sterilising  in  a  steamer  old  cultures  in 
5  per  cent,  glycerin  broth,  and  then  filtering  off  the  bacilli  by  means 
of  a  Pasteur-Chamberland  filter. 

In  the  absence  of  mallein,  Strauss's  method  for  the  rapid  diagnosis 
of  glanders  may  be  used.  In  this  method  the  suspected  material, 
pus,  &c.,  is  injected  into  the  peritoneal  cavity  of  a  male  guinea-pig, 
which  is  highly  susceptible,  the  rabbit,  however,  like  the  dog,  being 
only  shghtly  susceptible.  Eapid  swelling  of  the  testicles  occurs,  and 
in  four  or  five  days  they  become  broken  down  into  caseous  masses 
adherent  to  the  skin,  often  containing  large  numbers  of  the  bacilli. 

Widal's  reaction. — The  agglutination  of  glanders  bacilli  by  the 
blood  of  a  glandered  horse  has  been  described  by  MacFadyean,  as  in 
the  case  of  Widal's  sero-diagnosis  of  typhoid  fever. 


Diphtheria 

Diphtheria. — The  clinical  features  of  this  disease,  due  to  the 
Klebs-Lbffler  bacillus,  need  not  be  further  referred  to  here. 

Cultivations. — Gelatine  stab. — Minute  colonies  appear  along  the 
track  of  the  needle  as  discrete  white  points. 

Gelatine  streak. — The  growth,  which  takes  about  three  days  to 
develop  typically,  appears  as  discrete,  and  only  slightly  raised,  white 
colonies,  darker  and  more  granular  in  the  centre  than  at  the  edges, 
which  are  indented  and  more  or  less  translucent.  The  growth  does 
not  tend  to  spread  much  peripherally  over  the  surface  of  the  medium  ; 
the  gelatine  is  not  liquefied. 
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Agar-agar.— The  growth,  in  twenty-four  liours,  consists  of  separate, 
rounded,  somewhat  raised  colonies,  which,  however,  are  not  so 


Fig.  85. — BACiLLtrs  diphthebi^  Fig.  86.— bacillus  DiPHTHERiiE 

Pure  culture  on  serum,  about  36  hours  old.       Pure  subculture  ou  serum,  several  days  old.  Tbis 

raised  opaque  white  streak  is  less  common,^  un- 
less it  is  a  iitftculture,  and  less  characteristic 
,  .    ,  than  the  discrete  colonies  seen  in  fig.  86. 

prominent  as  m  the  case  oi  the 

serum  growth  of  the  same  age.    In  forty-eight  hours,  the  growth, 
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owing  to  the  prominence  of  the  discrete  colonies  above  the  surface,  is 

'^^d:^!^  twelve  to  sixteen  hours,  the  growth  consists  of 
sinl  s^  —  circular,  white  colonies,  thickerin  the  centre  than 
Te  ekges,  which,  examined  by  the  lens,  are  seen  to  be  a  httle 
Lre-S  Ind  subsequently  are  distinctly  scolloped.    These  colomes 


Pig.  87.  -bacillus  diphtheei.^;.  two 
specimens  of  the  medium  and  long 
varieties  with  clubbed  extebbiities 

A,  X  925.  B,  X  1,000  (drawl  from  microphoto- 
'  grapli  kiudly  lent  by  Professor  Sidney  Martin, 
F.R.S.)  Involution  forms  are  seen  in  both 
cases. 


Fig.  88. — bacillus  diphthebi^.    x  925 
From  a  culture  three  months  old,  showing 
numerous  giant  involution  forms. 


are  raised  above  the  surface  of  the 
medium  at  this  stage  (twelve  to 
sixteen  hours),  more  so  than  other  organisms  which  would  be  found 
in  the  mouth,  as  a  general  rule  ;  so  that  by  picking  out  these  more 
prominent  colonies  the  diphtheria  bacilli  can  be  detected  under  the 
microscope,  and  a  pure  subculture  made  at  once.  In  twenty-four 
hours'  time,  the  growth  is  still  more  raised,  and  opaque  white  in 
colour.  This  is  the  most  characteristic  appearance ;  but  it  must  be 
added  that  frequently,  in  subcultitres,  colonies  are  not  discrete,  but 
run  together  into  an  opaque  white  growth,  along  the  edges  of  which, 
however,  separate  colonies  may  be  seen  extending  over  the  surrounding 
medium  ;  but  the  general  appearance  of  the  growth  may  sometimes 
be  not  unlike  that  of  staphylococcus  pyogenes  albus  massed  together, 
or  even  that  of  a  young  culture  of  the  bacillus  coli  communis. 

Broth. — Turbidity  is  produced  in  less  than  twenty-four  hours  ;  and 
the  reaction,  if  the  broth  was  neutral  to  start  with,  becomes  altered 
too,  so  that  it  is  at  first  distinctly  acid  during  the  first  two  days  of 
the  growth,  and  then  returns  to  its  former  alkalinity. 

Under  the  microscope,  the  Klebs-Loffler  bacillus  is  seen  to  vary 
considerably  in  appearance,  so  that,  occasionally,  a  little  difficulty 
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may  be  experienced  in  deciding  as  to  its  pVesence  in  a  culture  made 
from  the  suspected  throat.  Most  frequently,  the  bacillus  is  a  long, 
straight,  or  sUghtly  curved,  non-motile  rod,  which  is  thickened,  or 
'  clubbed,'  at  one  or  both  extremities,  and  takes  the  stain  irregularly. 
This  irregularity  in  staining,  well  demonstrated  by  the  use  of  Loffler's 
blue,  is  due  to  aggregations  of  protoplasm  bulging  the  sheath  of  the 
bacillus,  the  clubbed  extremities,  or  poles,  being  generally  more  deeply 
stained  than  the  rest  of  the  bacillus  (j^jo/ar  staining).  The  organism 
is  also  readily  stained  by  Gram's  method.  No  spore  formation  occurs. 

In  most  of  such  cultures  larger  bacilli  are  to  be  seen,  in  which 
the  clubbing  of  the  extremities  is  extremely  well  marked.    These  are 

the  older  'involution  forms,'  due 
to  a  commencing  degeneration ; 
they  are  very  characteristic  (figs.  87 
and  88),  their  presence  often  en- 
abhng  one  to  decide  with  certainty 
in  the  case  of  an  otherwise  doubtful 
culture.  There  are  shorter,  inter- 
mediate-sized bacilli,  which  have 
the  same  general  appearance  as  the 
long  forms  already  described.  The 
bacilli  are  frequently  curved  sinu- 
ously, or  with  the  extremities  in 
opposite  directions  like  an  italic  /. 
Sometimes  the  bacillus  is  sharply 
pointed  at  its  extremities,  the  ter- 
minal segments  being  roughly  tri- 
angular (fig.  89  a),  and  arranged  with  their  bases  towards  each  other, 
connected  with  each  other  by  the  sheath  ;  the  bacillus  may  be  made 
up  of  two  such  triangular  segments,  or  between  these  one  or  two, 
more  or  less  oblong,  segments  may  be  interposed. 

Besides  more  or  less  elongated  specimens  of  the  long  varieties 
just  described,  there  is  a  definite  '  short  form  '  of  dipththeria  bacillus 
(fig.  89  b),  which  appears  to  be  quite  distinct  from  the  '  long  form,' 
though  some  authorities  state  that  the  length  can  be  altered  by 
changing  the  medium  used  for  culture  (see  p.  161). 

The  short  form  of  diphtheria  bacillus  is  a  short  rod  with  rounded 
ends,  sometimes  very  shghtly  curved,  and  with  one  end  thicker  than  the 
other,  so  that  it  presents  a  slightly  clubbed  appearance.  Its  outline 
is  well  defined,  and  it  stains  quite  uniformly,  the  protoplasm  not  being 
aggregated  into  the  little  masses  so  characteristic  of  the  long  variety. 
Involution  forms,  consisting  of  long,  curved  organisms,  with  distinctly 
clubbed  extremities,  appear  in  such  cultures,  and  confirm  them  to  con- 
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sist  of  diphtheria  bacilli.  In  old  cultures  of  the  long  form,  the  degree 
of  involution  that  occurs  is  sometimes  very  remarkable  (see  fig.  88). 

The  relation  between  the  long  and  the  short  forms  of  dijjhtheria 
bacilli  has  not  yet  been  absolutely  settled.  It  was  formerly  stated 
(by  Abbott,  and  others),  that  the  appearance  of  the  bacilli  varied  with 
the  media  on  which  they  were  grown ;  so  that  if  blood  serum  was 
used  for  a  series  of  generations  the  short  became  converted  into  the 
long  form ;  and  a  bacillus  which  appeared  to  be  of  the  long  variety 
when  grown  on  serum,  after  several  generations'  growth  on  glycerin 
agar- agar,  became  converted  into  the  shorter  and  more  definitely 
outlined,  and  imiformly  staining,  form. 

Lately,  however,  this  view  has  been  questioned  by  Dr.  A.  E. 
Peters,^  who  has  kept  cultures  under  observation  for  a  period  of  two 
years,  and  asserts  that  he  has  never  noted  any  alteration  in  the 
appearance  of  the  bacilli  when  changed  from  serum  to  glycerin  agar, 
and  vice  versd,  the  long  and  short  types  of  bacilli  remaining  distinct 
whatever  the  media  used  for  their  cultivation. 

This  distinction  appears  to  be  of  importance  clinically,  for  the 
virulence  of  the  long  variety  is  said  to  be,  broadly  speaking,  greater, 
whilst  the  vitaHty  is  somewhat  less,  than  in  the  case  of  the  short  form. 

Arrangement  of  the  bacilli. — -In  examining  a  film  preparation  the 
parallel  grouping  of  the  baciUi  is  very  commonly  observed,  the  arrange- 
ment being  often  such  as  to  suggest  comparison  with  the  appear- 
ance of  '  Chinese  characters.'  Diphtheria  bacilli,  Hke  other  rod-shaped 
organisms,  undergo  fission  at  right  angles  to  their  direction,  and  the 
diplo-bacillus,  or  two  short  rods  conjoined,  so  frequently  seen,  is  thus 
produced.  But  parallel  grouping  of  bacilli  is  so  regular  a  feature  in 
any  film  that  it  is  evident  that  division  in  their  length  must  also  occur. 

Shattock,  discussing  this  point,  says  :  ^  'The  segmentation  of  the 
protoplasm  of  a  rod  becomes  more  and  more  pronounced  until  a 
group  of  separate  elements  results,  at  first  not  unhke  the  elements  of  a 
streptococcus  which  have  undergone  flattening  from  mutual  pressure. 
In  the  next  place,  the  separate  elements  elongate  at  right  angles  to 
what  was  previously  the  long  axis  of  the  bacillus.  One  finds  all  stages 
between  flattened  coccus-like  forms,  and  a  row  of  short  parallel  rods. 
The  rods  so  resulting  lengthen,  and  they  may  undergo  a  similar  process 
of  segmentation,  and  eventuaUy  themselves  give  origin  to  another 
series  of  rods  set  at  right  angles  to  what  was  once  their  long  axis  ' 

Examination  of  diphtheritic  membrane.-This  may  be  examined 
m  the  fresh  condition,  a  small  portion  of  the  membrane  being  broken 
off  by  means  of  the  sterile  platinum  loop,  and  rubbed  into  a  coverslip  ' 
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so  as  to  make  a  film,  which  is  dried  and  fixed  in  the  ordinary  way. 
It  is,  however,  better  to  break  up  a  portion  of  the  membrane  in  a  watch- 
glass  full  of  normal  saline  solution,  and  from  the  turbidity  thus  pro- 
duced to  make  a  film.  The  bacilli,  stained  by  Gram's  method,  present 
the  appearances  described  above  ;  but  they  may  be  somewhat  thicker, 
and  more  irregular,  than  when  taken  direct  from  a  cultivation. 

In  sections  of  the  membrane,  the  fibrinous  structure  is  well  seen 
by  staining  with  the  Bosin-  (or  Carmine-)  Gram-Weigert's  method, 
which  is  but  a  modification  of  Weigert's  special  stain  for  fibrin. 
Various  cocci  are  seen  on  the  outer  surface  of  the  membrane,  the 
unmixed  diphtheria  bacilli  being  situated  somewhat  deeper.  When 
not  staining  for  bacilli,  haematoxylin  can  be  used  to  demonstrate  the 
presence  of  fibrin. 

Results  of  inoculation. — Though  solid  or  liquid  cultures  may  be 
used,  the  most  convenient  way  of  ascertaining  the  virulence  of  the 
diphtheritic  bacillus  is  to  inoculate  a  medium-sized  guinea-pig,  of  about 
250  grams  weight,  with  a  forty-eight  hours'  growth  in  glucose-broth. 
A  tenth  to  one  or  two  c.cms.  of  the  fluid  generally  kills  in  forty-eight 
hours ;  but  very  small  doses  of  more  virulent  cultures  can  kiU  in 
from  six  to  eight  hours. 

At  the  seat  of  inoculation  of  a  virulent  culture,  a  characteristic 
band  of  induration  can  be  detected  after  a  few  hours.  At  the  autopsy, 
this  indurated  band  is  seen  to  be  due  to  haamorrhagic  oedema,  in 
which  the  specific  bacillus  can  be  readily  demonstrated.  The 
neighbouring  lymphatic  glands  are  swollen  and  congested.  There  is 
an  excess  of  oedematous  fluid,  which  may  be  blood-stained,  in  the 
pleural  and  peritoneal  cavities,  and  the  congestion  of  the  omentum, 
&c.,  is  sometimes  so  acute  that  it  may  be  described  as  hsemorrhagic 
peritonitis.  The  suprarenals,  in  acute  cases,  are  of  deep  crimson 
tint,  the  spleen  may  be  a  Uttle  congested  and  swollen,  and  there  are 
petechiee  on  the  surface  of  the  liver. 

Only  in  rare  cases  is  the  bacillus  found  in  the  tissues  generally, 
beyond  the  set  of  lymphatics  nearest  the  point  of  inoculation.  Pure 
cultm-es  from  the  heart's  blood  can,  however,  sometimes  be  obtained. 
Experimentally,  with  cultures  of  highly  exalted  virulence,  the  bacillus 
has  been  found,'  by  Bulloch  and  others,  even  in  the  Hver.  But,  as  a 
rule,  the  blood  and  viscera  are  not  invaded  by  the  organism,  which 

•  Captain  Frederick  Smith,  E.A.M.C.,  D.P.H.,  has  found  virulent  diphtheria 
bacilli  in  the  urine  five  hours  after  experimental  inoculation  of  a  guinea-pig,  with, 
or  without,  hajmaturia,  an  important  point  for  hygienists,  possibly  esplaming  the 
connection  between  general  insanitation,  middens,  and  epidemics  of  diphtheria. 
As  in  the  similar  case  of  typhoid  bacilli  in  urine  (p.  172),  all  the  excreta,  solid  and 
liquid,  should  therefore  be  disinfected.    (Lancet,  November  19,  1898.) 
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is  confined  to  the  seat  of  inoculation,  where  it  brews  a  soluble 
toxalbumin,  allied  in  nature  to  snake  venom. 

In  its  distribution,  and  in  its  mode  of  action,  therefore,  the  bacillus 
diphtheri£e  is  comparable  with  that  of  tetanus. 

Ilode  of  infection. — Diphtheria  is  at  first  a  purely  local  infection, 
the  bacilli,  as  already  mentioned,  being  as  a  rule  confined  to  the 
seat  of  inoculation,  not  spreading  into  the  tissues  beyond  tlie  nearest 
lymphatic  glands,  or  entering  the  circulation.  Even  when  injected 
into  the  blood,  the  bacilli  themselves  soon  disappear.  The  disease, 
however,  continues  to  spread,  as  the  result  of  the  formation  and 
absorption  into  the  system  of  the  chemical  products,  or  toxins,  brewed 
by  the  specific  organism  ;  it  is  essentially  a  toxamia. 

This  may  be  readily  demonstrated  by  injecting  a  guinea-pig  with 
a  small  quantity  of  the  germ-free  fluid  obtained  by  passing  through 
a  Berkefeld  or  Chamberland  filter  a  forty-eight  hours'  old  broth 
culture  of  the  Klebs-Lofiler  baciUi  obtained  from  a  case  of  diphtheria. 
Such  filtered  fluid  is  absolutely  sterile,  and  yet  its  inoculation  pro- 
duces the  same  pathogenic  effects  as  would  follow  the  use  of  a  pure 
culture  of  the  bacillus,  including,  for  instance,  diphtheritic  paralysis  ; 
whilst  a  larger  dose  produces  a  fatal  result. 

The  consideration  of  the  question  of  immunity  and  immunisation 
may  be  conveniently  left  to  the  end  of  the  present  chapter. 

The  'pseudo-diphtheritic'  bacillus  of  Lbffler,  and  the  'pseudo- 
diphtheria  '  baciUus  of  von  Hoffmann.— Lofiler  in  1887,  and  Hoffmann 
in  1888,  drew  attention  to  the  presence  of  non-vu'ulent  organisms  pos- 
sessing microscopic  and  cultural  characters  closely  resembling  those 
of  true  diphtheria  (Klebs-Lofiier)  bacilli.  Yet,  with  care,  they  were 
able  to  distinguish  the  one  from  the  other,  even  though  occasionally, 
but  not  invariably,  they  were  found  associated  with  one  another. 

Such  statements  naturally  aroused  a  great  controversy,  which  has 
not)  yet  been  satisfactorily  settled,  in  spite  of  an  ever  increasing  htera- 
ture.  One  of  the  most  important  recent  contributions  to  this  highly 
practical  question  is  by  Dr.  Hewlett  and  Miss  Knight,  M.B.,i  which  may 
also  be  consulted  for  its  excellent  summary  of  previous  observations 

_  The  -  pseudo'  organisms  referred  to  have  been  found  associated 
with  Klebs-Lofiler  baciUi  in  cultures  taken  from  cases  of  undoubted 
diphtheria  at  all  stages;  alone,  or  mixed  with  the  true  organism  in 
perfectly  healthy-looking  throats  of  attendants  on  cases  of  diphtheria  ■ 
and  in  various  forms  of  non -diphtheritic  throat  anginas,  in  measles' 
scarlet  fever  pharyngeal  catarrh;  and  especially  in  membranous' 
rhinitis.  These  cases,  chnically,  are  distinguishable  by  their 
'  Trans.  Brit.  Inst.  Preventive  Medicine,  first  series,  1897. 
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spreading  and  non-contagions  characters,  membranous  rhinitis,  for  in- 
stance, being  in  these  ways  readily  distinguished  from  nasal  diphtheria. 

Microscopically,  it  is  admitted,  by  all,  that  the  so-called  pseudo- 
diphtheritic  bacillus  closely  resembles  the  short  form  of  the  true 
diphtheria  organism,  but  those  •  who  advocate  the  existence  of  a 
definite  '  pseudo '  bacillus  state  that  it  is  thicker  at  the  centre  than  at 
the  ends,  '  plumper,'  shorter,  and  less  variable  than  the  Klebs-Loffler 
bacillus,  and  that  involution  forms  are  rare.  Further,  they  stain 
more  deeply  and  regularly  than  the  Klebs-Loifler  bacillus,  and  polar- 
staining,  common  in  the  latter,  is  rare. 

Cultivations. — On  potato,  rendered  alkaline  before  sterilisation  by 
10  per  cent,  solution  of  sodium  carbonate,  the  growth  in  the  case  of 
the  Klebs-Loffler  bacillus  is  almost  invisible,  whereas  in  the  case  of 
the  pseudo  organism  there  is  a  distinct  creamy  growth  in  two  days. 

WJieii  groivn  on  neutral  litmus  agar,"^  the  purple  tint  changes  to 
a  blue,  indicating  the  formation  of  alkaline  products,  in  the  case  of 
the  pseudo-diphtheritic  bacillus ;  whereas  in  the  case  of  true  diphtheria, 
a  strongly  acid  reaction  is  evidenced  by  the  bright  red  tint  of  the 
medium,  even  in  twenty-four  hours.  These  and  other  distinctions 
mentioned  in  the  paper  by  Dr.  Hewlett  and  Miss  Knight  are  con- 
veniently tabulated  by  them  as  follows  : 

Pseudo-diphtberia  bacillua 
Morphology  .       .       .    Rods  l/j.  to  l-Qfi  in  length, 

tending  to  be  slightly 
thicker  at  the  centre  than 
at  the  ends.  Is 'plumper,' 
shorter,  and  less  variable 
than  the  Klebs-Loffler  ba- 
cillus. Involution  forms 
rare 

Staining      .       .       .    Stains   more    deeply  and 

regularly  than  the  Klebs- 
Loffler  bacillus.  Polar- 
staining  rare 

Alkaline  potato    .       .    Distinct,    cream  -  coloured 

colonies,  or  growth,  visible 
in  two  days 
Neutral  litmus  agar     .    Alkaline  reaction 
Stab  cultures  in  sugar-    Growth  only  at  upper  part 

agar,  and  gelatine  of  stab 

Anaerobic  cultures  in    No  growth 
hydrogen  (nutrient 
broth) 

Indol  reaction  (peptone-    Only   after    three  weeks' 
water  ^  cultures,  with  growth 
sulphuric  acid  alone) 


'  Trans.  Brit.  Inst.  Preventive  Medicine,  first  series,  1897.        -  See  p.  10. 

»  It  is  essential  to  use  peptone-water,  and  not  broth  cultures,  to  obtain  this 
distinction,  which  ceases  to  exist  also  if  a  nitrite  be  added.  The  original  paper 
should  be  consulted. 


Klebs-Loffler  bnciUus 
Eods  averaging  l-2/i  to  2^ 
in  length.  Slender  and 
of  the  same  diameter 
throughout.  Consider- 
able variation  in  size.  In- 
volution forms  usually 
present 

Staining  generally  more  or 
less  irregular,  and  polar- 
staining  common 

Grows  well,  but  growth  is 
almost  invisible 

Acid  reaction 

Growth  along  whole  length 

of  stab 
Grows  well 


After  one  week's  growth 
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Perhaps  one  of  the  best  media  for  distinguishing  the  two  bacilli 
is  alkaline  motrient  broth,  kept  at  37°  C.  In  the  case  of  the  pseudo 
bacillus,  the  broth  does  not  become  so  soon  cloudy,  the  precipitate 
formed  being  usually  more  finely  granular ;  the  change  in  reaction 
from  the  original  alkalinity  to  the  acid  condition  is  slighter  than  in 
the  case  of  the  Elebs-Loflfler  bacillus  (see  p.  160),  and  then  there  is  a 
return  to  that  alkalinity  subsequently. 

These  diJEferences,  so  sharply  brought  out  in  the  above  table,  would 
at  first  sight  seem  to  establish  the  separate  existence  of  the  '  pseudo  ' 
as  distinguished  from  the  true  diphtheria  bacillus.  Those  opposed 
to  this  view — notably  Eoux  and  Yersin,  Abbott,  and  others — believe, 
however,  that  most  of  the  '  pseudo  '  forms  are  merely  diphtheria 
organisms  which  have,  by  some  means  or  other,  lost  their  virulence, 
it  being  well  known  that  undoubted  diphtheria  bacilli  vary  within 
extremely  wide  limits  in  their  virulence  and  pathogenic  properties 
generally ;  and  in  this  respect  the  varying  pathogenicity  of  the 
streptococcus  and  other  coccus  forms  may  well  be  borne  in  mind. 

It  must  be  admitted  that  evidence  favouring  Eoux's  and  Abbott's 
views  would  seem  to  be  derived  from  other  observations  of  Dr.  Hewlett 
and  Miss  Knight  to  the  effect : — 

(i)  that  the  '  pseudo '  bacillus  seems  to  replace  the  diphtheria 
bacillus  in  some  cases  of  diphtheria  as  they  progress  towards  con- 
valescence. 

(ii)  that  though  '  pseudo  '  forms  occur  but  very  rarely  in  cultures 
of  the  Klebs-Loffler  bacillus,  '  Klebs-Loffler  or  diphtheritic  forms  ' 
occur  almost  always,  some  time  or  other,  in  cultures  of  the  '  pseudo ' 
bacillus,  and  in  a  number  of  cultures  it  is  possible  to  obtain  a  series 
of  organisms  forming  a  connecting  chain  between  the  Klebs-LofHer 
and  the  '  pseudo  '  bacillus. 

(iii)  that  it  has  apparently  been  possible,  by  careful  heating,  to 
convert  a  typical  virulent  Klebs-Loffler  into  a  typical,  non-virulent, 
'  pseudo  '  bacillus  ;  whilst,  by  cultivation  and  incubation,  and  passage 
through  an  animal,  a  '  pseudo  '  has  apparently  been  converted  into  a 
Klebs-Loffler  bacillus. 

The  authors  quoted  therefore  finally  conclude  '  that  the  "pseudo  " 
is  sometimes  a  modified  Klebs-Loffler,  though  perhaps  not  always, 
as  possibly  more  than  one  species  having  the  same  morphology  may 
exist.' 

The  really  important  point  is  to  note  that  organisms  practically 
identical  in  appearance  with  virulent  diphtheria  bacilli  may  be  present 
in  various  clinical  conditions,  and  their  pathogenicity  can  only  be 
verified  by  the  effects  of  inoculation  (see  p.  162). 
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The  xerosis  bacillus  of  Neisser  is  found  associated  not  only  with 
xerosis  of  the  conjunctiva,  but  also  in  some  cases  of  folHcular  con- 
junctivitis, trachoma,  chalazion,  and  even  in  quite  a  large  proportion 
of  healthy  conjunctival  sacs,  according  to  some  observers. • 

Its  chief  interest  is  on  account  of  its  close  morphological,  cultural, 
and  staining  relationships  with  the  Klebs-Loffler  bacillus.  Prankel] 
indeed,  included  it  among  the  pseudo-diphtheritic  bacilli,  which  it 
resembles  in  being  non-vu-uleht  when  injected  into  guinea-pigs  ;  few 
or  no  clubbed  forms  are  seen,  and  when  grown  in  neutral  or  alkaUne 
broth  no  acid  reaction  occurs. 

Though  suh-cultures  grow,  roughly  speaking,  as  rapidly  as  in  the 
case  of  the  Klebs-Loffler  bacillus,  no  growth  of  the  xerosis  bacillus 
appears  for  thirty-six  to  forty-eight  hours  when  the  original  culture 
is  made  from  the  eye. 

For  further  details,  see  a  recent  paper  by  Dr.  Eyre.'^ 

A  smaller,  but  otherwise  similar,  bacillus,  morphologically,  has 
been  recently  shown  to  be  present  in  whooping-cough. 


Immunity  and  immunisation 

As  has  been  stated  already,  diphtheria  can  be  experimentally  produced  by 
inoculating  either  the  specific  bacillus,  or  the  toxin  brewed  by  it  and  passed  through 
a  filter,  so  as  to  be  germ-free. 

If  the  amount  of  injected  solid  or  fluid  culture,  or  of  germ-free  toxin,  be  less 
than  the  fatal  dose  (generally  spoken  of  as  a  sub-lethal  dose),  the  animal  on 
recovering  its  health  is  found  to  have  acquired  a  certain  amount  of  immunity 
against  subsequent  inoculations,  the  degree  of  immunity  depending  on  the  virulence 
and  amount  of  the  material  employed. 

By  the  use  of  a  series  of  such  inoculations,  steadily  increasing  the  amount  or 
virulence  of  the  cultures,  or  toxins,  or  both  quantity  and  virulence  of  culture  and 
toxin  mixed,  practically  complete  immunity  can  be  conferred  on  an  animal.  The 
blood  serum  of  such  an  animal  has  the  remarkable  property  of  conferring  immunity 
when  injected  into  other  animals,  so  that,  in  appropriate  doses,  it  protects  them 
from  subsequent  infection  by  the  specific  organism  or  its  toxin ;  and  if  injected 
within  a  certain  time  after  inoculation  with  that  organism  it  can  successfully 
counteract  its  otherwise  fatal  effects. 

In  other  words,  the  serum  from  an  animal  immunised  against  the  diphtheria 
bacillus  or  its  toxin,  or  both,  is  preventive  and  curative  when  injected  into  other 
animals ;  and  what  has  been  said  of  the  Klebs-Loffler  bacillus  is  equally  true  of  the 
organism  of  tetanus.  Such  immunising  serums  are  generally  spoken  of  as  '  anti- 
toxins.' 


'  Lawson,  Brit.  Med.  Jo^vrnal,  vol.  ii.,  1898,  p.  486. 
2  Eyre,  Trans.  Path.  Soc.  Lond.,  1896. 
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ONlVbRSiTY  OF  LthDS. 

When  recovery  occurs  from  disease  naturally,  or  artificiaUy,  acquired,  it  is  the 
result  of  an  active  struggle  on  the  part  of  the  animal's  defensive  agencies,  whatever 
they  may  be,  with  the  organisms  or  toxins  introduced.  The  immunity  so  conferred 
is  said  to  be  '  active ; '  whilst  that  obtained  by  subsequently  inoculating  other  animals 
with  the  serum  of  this  actively  immunised  animal  is  said  to  be  '  passive.'  Active 
immunity  is  slowly  acquired,  after  more  or  less  severe  general  reaction,  but 
is  then  more  permanent  than  the  passive  form,  resulting  immediately,  and  with 
little  or  no  constitutional  disturbance,  after  the  use  of  the  immunising  serum. 

Amongst  the  defensive  agencies  at  work  in  the  body  may  be  mentioned  normal 
blood  serum,  which  is  actively  germicidal,  and  it  is  also  thought  that  the  leucocytes 
may  secrete  fluids  which  to  a  certain  extent  neutralise  poisonous  toxins,  and  then 
the  organisms  themselves  are  more  readily  dealt  with  by  the  phagocytes.  Besides 
the  blood  serum  and  the  leucocytes,  it  seems  highly  probable  that  the  tissue  cells, 
generally,  are  stimulated  to  unusual  activity  in  the  presence  of  toxic  products, 
resulting  in  the  formation  of  certain  'protective  proteids,'  and  these  appear  to  be 
the  most  important  of  all  the  agencies  at  work. 


Diphtheria  antitoxin 

Diphtheria  antitoxin. — This  is  prepared  at^the  farm  of  the  Jenner  Institute  as 
follows.'  A  horse,  proved  free  from  glanders  and  tubercle,  is  injected,  generally 
beneath  the  skin  over  the  scapula,  with  the  toxins  derived  by  filtering  an  eight- 
days'  broth  culture  of  highly  virulent  diphtheria  bacilli.  The  dose  is  repeated  from 
time  to  time,  being  gradually  increased,  starting  with  a  few  cub.  cms.  and  going  up 
to  200  or  250  c.c.  At  the  seat  of  injection  a  swelling  nearly  the  size  of  an  orange 
may  be  observed,  and  there  is  often  a  sharp  rise  in  the  temperature  and  other 
manifestations  of  reaction,  which  subside  after  two  or  three  days  until  the  next 
injection  is  given. 

When  the  animal  ceases  to  react  to  further  injections,  blood  from  the  jugular 
vein  is  drawn  off  under  strictest  aseptic  precautions,  the  blood  and  serum  being  then 
allowed  to  separate.  The  protective  properties  of  the  serum  are  then  ascertained 
by  mixing  it  in  different  proportions  with  ten  times  the  minimal  lethal  dose  of  a 
standardised  sample  of  diphtheria  toxin,  and  injecting  these  mixtures  into  a  series 
of  guinea-pigs,  each  about  250  grammes  in  weight. 

Anti-toxin  units. — The  amount  of  serum  found  necessary  to  neutralise  ten 
times  the  minimal  lethal  dose  of  toxin  is  termed  a  '  unit,'  but  it  is  more  con- 
venient for  practical  purposes  to  have  a  unit  ten  times  as  large  as  the  one  just 
mentioned,  and  this  is  called  a  '  normal  unit.' 

A  normal  unit  ('N.U.'),  then,  is  ten  times  the  amount  of  serum  required  to 
completely  counteract  the  effect  of  ten  times  the  minimal  lethal  dose  of  diphtheria 
toxin  in  a  guinea-pig  weighing  about  250  grammes. 

Thus  suppose  the  minimal  lethal  dose  of  standard  toxin  be  c.c,  ten  times  the 
minimal  lethal  dose  will  be  1  c.c.  If  the  smallest  quantity  of  serum  which  will 
neutralise  1  c.c.  of  toxin  is  found  to  be        c.c,  then  ten  times  this  amount  of 


'  More  rapid  methods  of  preparing  antitoxin,  and  of  obtaining  it  of  very  high 
potency,  have  been  discovered ;  but  for  further  details  larger  treatises  and  recent 
medical  journals  should  be  referred  to ;  the  exhaustive  article  by  the  late  Pro- 
fessor Kanthack  in  vol.  ii.  of  Clifford  Allbutt's  S^jstem  of  Medicine  will  well 
repay  careful  perusal. 
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serum,  which  is  the  so-caUed  normal  unit  =  ^  c.c."  In  other  words,  1  c.c.  of  the 
sermn  contains  100  N.U.,  and  so  on. 

The  normal  unit  is  a  purely  arbitrary  standard,  and  many  suggestions  for  its 
nnprovement  have  been  made. 

The  dose  of  diphtheria  antitoxin  ranges  from  1,.500  to  3,000  or  even  6,000  N  U 
according  to  the  severity  of  the  case.  Some  give  the  smallest  dose  mentioned! 
repea  mg  every  twelve  hours  ;  whilst  others  prefer  to  give  one  or  two  large  doses 
repeating  only  if-  specially  indicated.  Most  observers  are  agreed  both  as  to  the 
great  value  of  this  method  of  treating  diphtheria,  and  to  the  necessity  for  its  use  at 
the  earliest  moment. 

The  report  of  the  committee  appointed  by  the  Clinical  Society  of  London 
'On  the  Antitoxm  of  Diphtheria,'  '  proves  conclusively  that  by  the  use  of  anti- 
toxin— 

1.  The  general  mortality  is  reduced  by  one-third. 

2.  The  mortality  in  tracheotomy  falls  by  one-half. 

3.  Extension  of  the  membrane  to  the  larynx  very  rarely  occurs  after  the  ad- 
ministration of  antitoxin,  which  even  when  used  in  very  large  doses  produces  no 
serious  ill  effects  ;  rashes  occur  in  about  one-third  of  the  cases ;  but,  like  the  pain 
and  swelling  about  the  joints  occurring  in  a  small  number  of  cases,  are  of  quite 
temporary  duration. 

4.  The  fi'equency  of  the  occurrence  of  paralysis  resulting  from  the  toxtemia  of 
diphtheria  is  not  diminished,  but  the  percentage  of  recoveries  in  cases  with  paralysis 
is  slightly  increased. 


LESSON  XVII 

A.  Bacillus  typhosus 

B.  Bacillus  coli  communis 

I.  Cultivations  of  A  and  B  : 

(i)  Broth. 

(ii)  Peptone-water. 

(iii)  Milk.    Examine  daily,  and  note  which  coagulates  the  milk. 

(iv)  Gelatine  (<«)  Stab. 

Streak. 

(y)  'Shake.'    Examine  daily,  and  see  which  forms 
gas. 

(v)  Agar-agar  («)  Streak.    Note  daily  which  appears  to  be  the 

more  vigorous  growth. 
{f3)  Plates  (three).    Examine  daily  with  §-inch 
objective. 

■'  Trans.  Clin.  Soc.  Lond.,  1898. 
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(vi)  Litmus  sugar-agar  :  '  Shake.'    Note  the  change  in  colour, 
and  observe  which  culture  forms  gas. 

(vii)  Potato. 

(viii)  Potato-gelatine  (a)  Streak. 

(/3)  Plates  (three),  made,  in  the  usual  way, 
from  half  a  test-tubeful  of  sterile  water 
in  which  one  small  loopful  each  of  A 
and  B  has  been  thoroughly  mixed. 
Examine  daily  («)  and  (/j) — the  plates, 
by  means  of  the  f-inch  objective. 

II.  Stain  coverslip  i^reparations  of  A  and  B  : 

(i)  Carbol-fuchsin ; 

(ii)  Anilin-gentian-violet ; 

(iii)  Gram's  method  {both  organisms  are,  decolorised). 

III.  Make  a  lianging-droi]  from  a  fresh  broth  culture,  preferably 
not  more  than  twenty-four  hours  old.  Note  the  difference  in  the 
motility  of  the  two  organisms,  A  and  B. 

IV.  Do  the  '  indol  reaction '  with  the  peptone-water  culture  of  A 
and  B,  after  twenty-four  to  forty-eight  hours'  incubation  (the  longer 
period  is  generally  advisable),  as  follows  : 

To  5  c.c.  of  the  peptone-water  (or  broth)  cultures  of  A  and  B  add 
1  c.c.  of  a  0-01  per  cent,  solution  of  sodium  or  potassium  nitrite.  Pour 
in  a  few  drops  of  concentrated  sulphuric  acid,  when,  if  any  indol  is 
present,  a  pink  colour  appears  at  once,  or  on  standing  for  a  short 
time. 

Note  which  of  the  two  (A,  or  B,)  cultures  gives  this  indol  reaction. 
It  is  better  to  do  this  test  with  peptone-water  cultures,  though  broth 
may  be  used. 

V.  Flagella-staining. —Gultures  of  A  and  B  on  glycerine  agar,  ten 
to  eighteen  hours  old,  may  be  stained  by  the  following  methods. 

Preliminary  preparation  (for  all  methods) 

{a)  Commencing  with  the  culture  of  typhoid  bacilli,  a  loopful  is  to 
be  diluted  with  a  watch-glassful  of  tap-water  or  normal  sahne  solution, 
either  of  these  being  less  harmful  to  the  deUcate  flagella  than  distilled 
water. 

The  safer  and  better  way  is  to  mix  the  loopful  of  culture  with  half 
a  test-tubeful  of  tap-water,  rotating  the  tube  in  a  vertical  position 
steadily,  as  in  the  case  of  a  '  shake-culture  '  (p.  21),  so  as  not  to  injure 
the  flageUa,  which  readily  drop  off  from  the  bacilh  to  which  they 
belong. 
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^  {b)  The  coversHps  are  to  be  carefully  freed  from  fat,  &c.,  by 
boihng  in  the  bichromate  of  potash  solution  recommended  by  Van 
Ermengem.^ 

(c)  The  film  is  to  be  prepared  by  placing  a  loopful  of  the  culture, 
diluted  as  directed  above,  in  the  centre  of  the  clean  coversUp,  held  in 
cornet  forceps.  The  coverslip  is  tilted  so  as  to  spread  out  the  drop 
in  various  directions.  On  no  account  is  the  platinum  loop  to  be  used 
to  distribute  the  drop,  in  the  way  ordinary  films  are  spread,  as  this 
would  cause  the  detachment  of  many  of  the  flagella  from  the  bacilli 
to  which  they  belong. 

(d)  The  film  is  dried  in  the  air,  or  in  the  warm  incubator,  or  high 
up  over  a  Bunsen  flame.  It  is  fixed  by  passing  rapidly  through  the 
flame,  but  the  coverslip  should  be  held  in  the  fingers,  to  prevent  the 
risk  of  overheating  during  this  process. 

With  the  film  prepared  as  above,  the  following  methods  may  be 
tried  : 

1.  Van  Ermengem's  method. 

Solutions  reqidrcd 

A  mordant,  '  a.' 

Osmic  acid,  2  per  cent,  solution  1  part. 

Tannin,  10  to  25  per  cent,  {use  20  per  cent.)  .       .       .2  parts. 
To  each  100  c.c.  of  this  mixture  add  four  or  five  drops  glacial  acetic  acid. 

A  '  sensitising  bath,'  '  /8.' 

Nitrate  of  silver  (-25  to  "5  per  cent,  solution). 

A  ^reducing  and  reinforcing  bath,'  '  7.' 

Gallic  acid  

Tannin  

Fused  acetate  of  soda  . 
Distilled  water  .... 


5  grammes. 
3 
10 

350  c.c. 


'  The  formula  of  this  solution  is — 

Potassium  bichromate   60  grammes. 

Concentrated  sulphuric  acid   60  c.c. 

Water   1.000  c.c. 

Then  wash  repeatedly  in  water. 

Keep  the  coverslips  in  absolute  alcohol. 

Before  use,  remove  with  forceps,  and  allow  them  to  dry,  without  wiping,  by 
placing  them  in  a  vertical  position,  protected  from  the  dust. 

2^.B.— Boihng  in  nitric  acid  (p.  13)  yields  equally  good  results  in  most  cases.  • 
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Van  Ermengem's  method 

(i)  Pour  a  few  di'ops  of  '  a  '  solution  on  to  film,  and  allow  to  act 
for  half -hour  (at  60°  C,  five  minutes  will  be  sufficient). 

(ii)  Wash  very  carefully  in  large  excess  of  distiUed  water  and  then 
in  absolute  alcohol. 

(iii)  Now  keep  it  for  three  to  five  seconds  in  /3  solution. 

(iv)  Without  washing,  pass  quickly  through  y  solution. 

(v)  Wash  again  in  fresh  quantity  of  /3  solution,  moving  specimen 
about  gently,  and  withdrawing  it  when  the  solution  begins  to  turn  black. 

(vi)  Wash  it  thoroughly  in  several  changes  of  distilled  water. 

(vii)  Dry  it  carefully  between  blotting-paper. 

Mount  first  in  water,  and  examine  with  water-immersion  lens  (see 
below). 

If  the  specimen  be  satisfactory,  mount  in  balsam. 

If  the  flagella  be  not  sufficiently  stained,  float  off  the  coverslip 
and  start  again  at  (iv). 

Care  must  be  taken  to  change  the  silver  nitrate  as  soon  as  any 
precipitation  shows  itself. 

For^some  unknown  reason,  possibly  differences  in  the  chemicals 
used  by* different  workers,  shght  modifications  of  the  original  method 
have  been  found  either  necessary  or  advantageous. 

Van  Ermengem's  method,  modified  as  follows,  maybe  recommended 
as  giving,  with  a  little  practice,  uniformly  good  results  : 

(i)  The  film  is  covered  with  solution  n,  either  for  one  hour  in  the 
cold,  or  for  fifteen  to  twenty  minutes  in  the  paraffin  cupboard  at  60°  C. 

(ii)  Tiie  coverslip  is  gently,  but  thoroughly,  washed  in  distilled 
water,  until  all  the  black  colour  has  gone  ;  and  it  is  then  drained  dry 
on  blotting-paper. 

(iii)  Place  in  absolute  alcohol  for  five  minutes.  Drain  dry  on 
blotting-paper. 

(iv)  Cover  the  film  with  solution  /3  for  two  minutes.  Drain  dry, 
without  washing. 

(v)  Pour  on  solution  y  ;  after  five  minutes,  drain  dry. 

(vi)  Place  in  watch-glassful  of  solution  /3  ;  move  about  constantly 
until  the  solution  begins  to  get  black. 

(vii)  Wash  well  in  several  changes  of  distilled  water,  drain  and 
dry  gently  with  blotting-paper,  or  in  the  paraffin  chamber,  and  mount 
in  water.  Examine  with  the  i^-inch  oil-immersion  lens,  using  water 
instead  of  oil.  If  the  flagella  are  seen  well  stained,  dry  the  coverslip 
and  mount  in  Canada  balsam.  If  insufficiently  stained,  transfer  the 
coverslip  to  solution  y,  and  repeat  stages  (v)  and  (vi). 
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2.  Pitfield's  method 

Sohitions  required 

A.  Tannic  acid       .  i 

,    1  Kiamme 

Distilled  watev  (cold)   10  c  e 

Filter  and  keep  in  bottle. 

B.  Solution  of  alum,  saturated  in  cold  water  .       .  lo  c.c.  ' 
Gentian-violet,  saturated  alcoholic  solution      .  l  c  c. 

Filter  and  keep  in  bottle. 

Pitfield's  method  is  as  follows  : 

(i)  Immediately  before  use,  mix  equal  parts  of  A  and  B,  and  cover 
the  film  with  the  mixture. 

(ii)  Hold  the  film  in  cornet  forceps  and  warm  over  a  small  fiame, 
till  the  fluid  nearly  boils.    Lay  the  film  aside. 

(iii)  At  the  end  of  a  minute,  wash  in  water. 

(iv)  Filter  on  some  anihn-gentian-violet  solution,  but  pour  off 
after  a  second,  as  recommended  by  Hewlett. 

(v)  Wash,  dry,  and  mount. 

This  simple  and  very  rapid  method  gives  fair  results,  though  the 
flagella  are  not  so  sharply  photographed  as  in  the  case  of  Van 
Ermengem's  method. 

Bacillus  typhosus  and  Bacillus  coll  communis 

Bacillus  coli  communis,  originally  known  as  the  Baetermm  coli 
covwiane,  or  as  Escherich's  bacillus,  after  the  name  of  its  discoverer, 
is  one  of  the  commonest  organisms  in  the  normal  intestine,  being 
present  everywhere  from  stomach  to  rectum,  appearing  shortly  after 
birth,  and  before  food  has  been  given  the  child  (Escherich).  It  so 
closely  resembles  the  bacillus  causing  typhoid  fever,  B.  typhosus, 
or  Eberth's  bacillus,  that  the  real  identity  of  the  two  is  still  more  or 
less  under  discussion,  some  stating  that  B.  typhosus  is  simply  a  more 
virulent  form  of  B.  coli. 

It  may  here  be  mentioned  that  where  vieteorism  is  a  marked 
feature  in  the  severer  forms  of  typhoid  fever,  there  is  a  very  notable 
associated  increase  in  the  number  of  B.  coli  present ;  and  this 
organism  is  said  to  be  the  commonest  cause  of  cystitis. 

In  a  certain  proportion  of  cases  of  typhoid  fever,  at  varying 
periods,  typhoid  bacilli  are  excreted  with  the  urine,  which  therefore 
requires  to  be  as  carefully  disinfected  as  in  the  case  of  typhoid  stools. 

The  various  cultures  and  chemical  reactions  which  have  been 
made  in  the  above  lesson  will  serve  to  indicate  some  of  the  chief 
points  of  difference  between  the  two,  and  these  may  be  tabulated  as 
on  p.  174,  et.  Seq. 
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Fig.  90. — A,  bacillus  typhosus  ;  B,  bacillus  coli  communis  ; 
C,  bacillus  coli  communis 

A  and  B,  glycerine-agar  streak  cultures,  48  hours  o'd,  at  37°  C,  for  comparison.   (N.B.— The 
growtlMu  the  case  of  B.  coli  is  generally  even  more  diffuse  than  is  sliown.)   C,  gelatine 
shake  cnltivation,  24  hours  old,  kept  at  22°  0.  Note  the  dotted  colonies  above  the  gas 
bubbles,  and  the  surface  growth. 
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CULTIVATIONS 


B.  typhosus 

Broth.— In  twenty-four  hours,  the 
turbydity  is  marked.  The  reaction, 
in  thirty-six  to  forty-eight  hours,  is 
hardly  altered,  compared  with  the  broth 
before  inoculation. 

Pc])tonR-water. — Some  turbidity  is 
present  after  twenty-four  hours.  It  is 
not  SO' marked  as  in  the  case  of  B.  coli, 
and  it  does  not  give  the  indol  reaction, 
however  long  it  is  kept. 

Milk. — Coagulation  does  not  occur. 


Gelatine  s<a6.— There  is  a  scanty 
white  growth  along  the  track  of  the 
needle,  and  on  the  surface  the  medium 
becomes  a  little  opalescent.  No  lique- 
faction of  the  gelatine. 


Streak. — The  growth  is  white  and 
moist,  but  not  very  exuberant.  The 
margins  are  well  defined,  but  the  growth 
does  not  tend  to  spread  laterally,  as  in 
the  case  of  B.  coli. 


'  Shake.' — The  gelatine  becomes  a 
little  turbid  from  the  development  of 
minute  colonies  in  the  depth.  On  the 
surface  there  is  a  thin,  slightly  opales- 
cent growth.  No  formation  of  gas 
occurs. 


Agar-agar  streak. — The  growth  is 
greyish -white  and  moist ;  the  edges  are 
somewhat  irregular,  or  small  discrete 
circular  colonies  may  be  dotted  along 
the  margins.  There  is  less  tendency  to 
spread  over  the  surface  of  the  medium 
than  in  the  case  of  B.  coli. 


B.  coli  communis 

Brotli.-  In  twenty-four  hours,  the 
turbidity  is  slightly  more  marked  than 
in  the  case  of  B.  typhosus.  The  re- 
action becomes  distinctly  acid. 

Pcptonc-ioater.—ThQ  turbidity  is 
marked  ;  and,  after  thirty-six  to  forty- 
eight  hours,  it  gives  a  well-marked 
indol  reaction.  This  becomes  the  more 
marked  the  longer  the  peptone-water 
has  been  incubated  at  37°  C. 

Milk  is-  coagulated  throughout,  in 
from-  thirty-six  to  forty-eight;  or,  in 
some  cases,  after  seventy-two  hours. 
Sometimes,  though  very  rarely,  the 
coagulation  is  less  marked;  but  the 
formation  of  acid  without  coagulation 
has  been  observed. 

Gelatine  stab. — Along  the  track  of 
the  needle  an  irregular  chain  of  small, 
somewhat  translucent  spherical  colonies, 
of  white  or  bluish-white  tint,  appears  in 
twenty-four  hours.  Later,  they  become 
of  yellowish -white  colour.  There  is  a 
thick,  dirty  greyish-white  surface  growth. 
No  liquefaction  of  gelatine. 

Streak. — The  growth  is  more  exube- 
rant, and  tends  to  spread  laterally  more 
rapidly  than  in  the  case  of  B.  typhosus. 
It  is  moist,  and  has  at  first  a  pale  bluish- 
white,  almost  fluorescent  appearance, 
then  becomes  of  a  dirty  greyish-white 
tint. 

'  Shake.' — The  gelatine  becomes  a 
little  turbid,  from  the  development  of 
minute  colonies  in  the  depch,  and 
similar  colonies,  forming  a  dirty  greyish 
growth,  soon  spread  to  the  periphery. 
Numerous  gas  bubbles  form  (fig.  90,  c) 
after  incubation  at  from  20°  to  22°  C, 
overnight.  This  gas  is  a  mixture  con- 
taining hydrogen  and  carbon  dioxide. 

Agar-agar  streak. — The  growth  is  at 
first  similar  to  that  of  B.  typhosus.  The 
margins  are  somewhat  more  crenate 
than  in  the  case  of  the  typhoid  bacillus. 
Owing  to  the  greater  exuberance  of  the 
growth  it  rapidly  spreads  laterally  over 
the  surface  of  the  medium,  differing 
from  B.  typlwsus  in  this  respect. 
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B,  typhosus 

Agar-agar  plates.— The  colonies, 
which  appear  in  eighteen  to  twenty-four 
hours,  as  seen  by  the  naked  eye,  are  opal- 
escent, somewhat  circular  dots.  When 
examined  under  the  microscope,  with  a 
|-inch  objective,  the  colonies  are  seen  to 
be  irregular,  often  roughly  triangular, 
or  polygonal,  in  their  outline.     In  the 
central,  denser,  portion  there  often  ap- 
pears  a  circular  spot  looking  like  a 
nucleus,  but  apparently  a  fragment  of 
the  original  growth  with  which  the  plate 
was  inoculated,  and  which  has  given  rise 
to  the  colony  under  observation.  The 
peripheral  portion  of  the  colony  is  more 
translucent  and  of  a  faint  yellow  colour. 
The  surface  of  the  colony  generally  is 
granular,  or  finely  striated.     On  fo- 
cussing the  strite,  ridges  and  cracks  may 
be  seen,  especially  when  viewed  by  re- 
fracted light.     The  appearance  pre- 
sented has  been  well  compared  to  that 
of  a  relief  map,  showing  mountains  and 
dales  (see  fig.  91). 

Neutral  litmus  glucose  agar-agar 
'  shake.' — The  litmus  does  not  turn  red. 
No  gas  formation. 

Potato. — The  growth  in  twenty-four 
hours  is  hardly  visible,  except  on  the 
most  careful  examination,  rotating  the 
tube  so  as  to  view  the  surface  of  the 
medium  obliquely.  It  is  not  unlike  the 
appearance  of  a  snail's  track. 

In  some  cases  of,  undoubtedly  pure, 
typhoid  cultures  the  growth  is  much 
more  obvious,  indeed,  not  altogether  un- 
like some  of  the  lighter  cultures  of 
B.  coli. 

Potato-gelatine  streak  (kept  at  22° 
.  C). — In  forty-eight  hours  the  growth  is 
hardly  perceptible  to  the  naked  eye,  un- 
less looked  at  by  oblique  illumina- 
tion, when  the  needle  track  just  be- 
comes visible,  owing  to  the  very  minute 
colonies  which  form  a  fine  haze,  or 
nebulous  growth.  In  some  cases  the 
growth  is  a  little  more  obvious. 

Potato-gelatine  plates.— Fo^  about 
the  first  forty-eight  hours  the  colonies 


B.  coli  commuiiis 

Agar-agar  plates.— The  colonies, 
which  appear  in  from  eighteen  to  twenty- 
four  hours,  are  opalescent,  circular  dots, 
of  alight  buff  colour,  when  seen  under  the 
microscope.  The  colonies  are  often  more 
sharply  defined  and  circular  than  in  the 
case  of  B.  typhosus.  They  are  also 
of  a  browner  tint  and  more  coarsely 
granular,  the  central  portion  iJeing  of  a 
darker  hue,  and  somewhat  marked  off 
from  the  periphery  (fig.  92).  The  sur- 
face colonies,  as  is  so  frequently  the 
case,  are  larger  than  those  in  the  depth, 
where  they  are  seen  in  profile,  or  optical 
section,  to  possess  th^  shape  of  a  bicon- 
vex lens.  Similar  lens-shaped  colonies, 
but  lighter  in  tint,  are  seen  in  the  case 
of  B.  typhosus ;  but  they  are  so  frequently 
observed  that  they  cannot  be  regarded 
as  in  any  way  characteristic  of  either 
organism. 


Neutral  litmus  agar  '  shake.' — Tube 
filled  with  large  gas-bubbles  after  twenty- 
four  hours'  growth  at  37°  C.  Litmus 
turned  bright  red  in  twenty-four  to  forty- 
eight  hours. 

Potato. — The  growth  in  twenty-four 
hours  is  considerable  and  of  a  dirty 
fawn  colour.  It  is  raised  and  moist, 
and  soon  spreads  over  the  surface. 
Sometimes,  instead  of  getting  darker, 
the  colour  is  from  the  first  lighter  in 
tint  than  indicated  above,  and  remains 
so. 


Potato-gelatine  streak. — In  twenty- 
four  hours  considerable  gro->vth  is  seen, 
in  marked  contrast  to  that  in  the  case 
of  B.  typhosus.  The  colonies  are  very 
minute,  circular,  translucent  dots. 


Potato-gelatine  plates. — In  twenty- 
four  hours  colonies  are  readily  seen ;  they 
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CULTIVATIONS  {continued) 


B.  typhosus 

arehardlyperceptible  by  the  unaided  eye. 
Under  a  low  power  of  the  microscope, 
the  minute,  clear,  rounded  colonies  may 
be  seen,  the  surface  being  either  struc- 
tureless, or  very  finely  granular.  After 
sixty  hours'  growth,  the  colonies  be- 
come visible  to  the  naked  eye.  Under 
a  low  power  of  the  microscope  they 


Fig.  91. — bacillus  typhosus 

Potato  gelatiue  culture  (viewed  by  refracted 
light)  after  si.xty  lioiirs'  growtli.  Tlie 
'relief  map'  appearance,  referred  to  in 
text,  is  well  seen. 

are  then  seen  to  possess  a  faint  yellow 
tint  ;   they   are  semi-translucent,  the 
edges  are  irregular,  the  surface  is  finely 
striated.    When  examined  carefully  by 
refracted  light,  the  surface  is  frequently 
seen  to  be  raised  into  mounds  separated 
by  depressions  (fig.  91) — the  striae  just 
referred  to  producing  the  appearance 
of  a  '  relief -map,'  as  in  the  case  of  agar- 
agar  plates.    If  the  surface  is  more 
granular  it  is  not  always  possible  to 
distinguish  it  from  a  colony  of  B.  coli. 


B.  coli  communis 

are  circular,  or  ovoid,  more  coarsely 
granular,  and  somewhat  darker,  than 
the  corre.sponding  ones  of  B.  typlwsus 
would  be  after  forty-eight  hours'  growth. 
The  colonies  in  both  cases  are  always 
more  developed  on  the  surface  than  in 
the  depth,  where  they  are  frequently 
seen  in  optical  section  as  biconvex  lens- 
shaped  bodies  (see  p.  175). 


Fig.  92. — bacillus  coli 

Potato  gelatine  culture  (viewed  by  refracted 
light)  after  si.xty  hours'  growth. 


After  sixty  hours'  growth,  the 
colonies  become  larger,  darker,  and 
more  numerous.  The  general  appear- 
ance of  the  surface  remains  much  the 
same  as  before. 


It  should  be  clearly  understood  that  cultures  of  these  two  organisms 
are  frequently  met  with  which  do  not  give  all  the  characteristic 
reactions  just  tabulated.  In  these  cases  one  must  be  content  if  the 
majority  of  the  tests  can  be  demonstrated.  Thus  there  appear  to  be 
varieties  of  B.  typhosus  and  B.  coli,  with  a  group  of  organisms 
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formiBg  a  link  between  these  two  series,  reacting,  partly  like  one 
and  partly  like  the  other.    Eefer,  also,  to  p.  189. 

In  practice,  the  most  important  culture  tests  for  B.  Ujphostts, 
distinguishing  it  from  B.  coli,  are,  unfortunately,  of  a  negative 
character.    They  are,  in  the  case  of  B.  ty2Jhosus — 

(i)  The  non-formation  of  gas  ; 

(ii)  The  non-coagulation  of  milk  ; 

(iii)  The  absence  of  the  indol  reaction  ;  and 

(iv)  The  almost  imperceptible,  glazelike,  gi-owth  on  potato. 

.  For  laboratory  purposes  it  will  be  convenient  to  discuss  the 
microscopic  appearances  of  film  preparations  of  these  two  organisms 
together. 

Bacillus  typhosus.— Under  the  microscope,  the  organism  appears  as 
a  short,  fat  rod,  with  rounded  ends  (fig.  93),  the  length  varying,  but 
being  generally  three  times  that  of  the  breadth.  According  to  Delepine, 
the  diameter  averages  from  0-7 /.i  to  0-9^,  coznpared  with  O-3/.i  to  0-6 
in  the  case  of  B.  coli.    Very  long  threads  are  seen,  especially  in  broth 


I 


Fig.  93. — bacillus  typhosus 
x530 


Fig.  94. — bacillus  coli  communis 
x530 


Giycenae-agar  culture,  twenty-four  hoiurs  old.       Glyceriue-agar  culture,  twenty-four  hours  old. 

cultivations.  These  may  show  no  signs  of  division,  but  are  frequently 
segmented  up  into  shorter  rods,  sometimes  forming  a  long  chain 
Eventually  these  chains  break  up  into  individual  bacilli.  The  proto 
plasm  IS,  generally  speaking,  uniformly  stained,  but  in  most  prepara- 
tions there  is  an  appearance  of  vacuoles  in  many  of  the  bacilli  which 
does  not  indicate  the  presence  of  spores,  but  is  most  probably  due  to 
the  shnnkmg  of  the  protoplasm  from  the  sheath,  and  its  aglgation 
into  httle  masses-a  process  known  as  plasmolysis  ^  " 

t'T"!''  ^^^^"^^^■i^^'^  by  Gram's  method  of  staining,  though 
readily  taking  the  simple  stains  carbol-fuchsin,  Loffler's  blueT&c 
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Flagella. — The  organism  is  seen  to  possess  whip-like  flageUa 
(tig.  95,  a),  varying  in  number  from  twelve  to  sixteen.  These  are  fre- 
quently broken  off  during  the  staining  process,  from  six  to  eight,  or 
ten,  being  the  number  usually  seen.  The  flagella  are  very  fine,  and  from 
four  to  five  times  the  length  of  the  bacillus  to  which  they  are  attached. 

The  hanging-drop  shows  the  typhoid  bacilli  moving  with  great 
rapidity  across  the  field  of  the  microscope,  the  movement  being  eel- 
like in  character.  This  darting,  wriggling  motion  is  a  great  contrast 
to  what  is  seen  in  the  case  of  B.  coli  as  a  general  rule,  and  probably 
partly  depends  on  the  greater  number  of  flagella  which  it  possesses. 
Typhoid  bacilli  maintain  their  activity  almost  undiminished,  in  a 
properly  prepared  hanging-drop,  for  over  thirty  hours. 

Bacillus  coli  communis. — Under  the  microscope,  this  organism 
exhibits  great  variety  in  length,  being  sometimes  hardly  longer  than 

it  is  broad,  so  as  to  appear  like  a 
rather  large  coccus ;  but,  as  a 
general  ru^le,  it  is  a  short,  fat  ba- 
cillus, indistinguishable  from  B. 
typhosus.  Long  threads  are  less 
frequently  seen  than  in  the  case 
of  typhoid  bacilli.  It  is  decolor- 
ised by  Gram's  method  of  staining. 

Flagella. — When  specially 
prepared  l3y  one  of  the  methods 
already  mentioned,  the  bacillus  is 
seen  to  have  from  six  to  eight 
flagella  ;  but  more  frequently  the 
number  to  be   actually  counted 
is  from  two  to  four.    The  flagella 
appear    to    be   detached  more 
readily  in  the  case  of  B.  coli  than 
in  the  case  of  B.  typhostcs  ;  and,  whilst  it  is  possible  to  .stain  typhoid 
flagella,  even  after  the  culture  has  grown  for  three  or  four  days,  it  is 
more  difficult  to  do  so  in  such  an  old  growth  of  B.  coli.    Even  with 
a  twenty  to  twenty-four  hours  old  culture,  the  flagella  of  B:  coh 
appear  to  be  stained  with  greater  difficulty  than  those  of  B.  typhosus. 

The  hanging-drop  shows  that  the  bacilh  hardly  move  at  all,^m 
most  cases,  beyond  that  rotatory  swing,  at  times  very  rapid,  known 
as  •  Brownian  movement.'  This  is  seen  also  in  the  case  of  particles  of 
cinnabar,  or  other  finely  divided  inanimate  object,  when  exammed  m 
a  drop  of  water.  There  is,  in  these  cases,  no  locomotion,  or  move- 
ment from  place  to  place,  across  the  field  of  the  microscope. 


Fig.  95. — flagella  staining, 

VAN  EEMENGEM'S  METHOD.      X  530 

A.  bacillus  typhosus  ;  B,  bacillus  coli  communis, 
Tweuty-hour-okl  cultures  on  glycerine  agar. 
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Sometimes,  however,  locomotion  is  at  first  very  rapid,  and  hardly 
to  be  distinguished  from  that  of  B.  typhostis.  This  may  be  associated 
with  the  presence  of  a  larger  number  of  flagella  than  usual ;  but  the 
rapidity  of  the  motion  dies  away  after  a  very  short  time,  seldom 
lasting  more  than,  at  most,  an  hour  or  two.  It  has  been  stated  that 
B.  coli  is  altogether  devoid  of  motility.  This,  however,  is  contrary 
to  the  general  experience.  If  a  hanging-drop  be  made  from  the  fluid 
often  present  at  the  bottom  of  a  glycerine-agar  culture,  the  organisms 
inay  frequently  be  seen  to  dart  about  wdth  the  utmost  rapidity,  quite 
comparable  with  that  seen  in  the  case  of  B.  typhoszis.  But  the  move- 
ments, as  stated,  soon  become  sluggish  and  then  cease  completely. 

Sections  of  tissues  containing  typhoid  bacilli 

Bacillus  typhosus  in  tissues. — The  organism  is  best  demonstrated 
in  the  spleen  and  mesenteric  glands  (fig.  96,  a  &  b).  From  these, 
or  from  blood  taken  from  the 
spleen,  or  from  a  rose  spot  during 
life,  according  to  some  accounts, 
pure  cultures  may  be  made. 
Since  the  introduction  of  Widal's 
sero-diagnosis  test  for  typhoid 
fever,  however,  .  the  German 
method  of  splenic  puncture  during 
life  has  been  abandoned.  In  ty- 
phoid ulcers,  and  in  tissues  other 
than  those  mentioned,  as  also  in 
the  case  of  the  urine,  in  which 
it  is  sometimes  present,  demon- 
stration of  the  specific  organism 
is  not  always  easy. 

Sections  of  spleen,  or  mesen- 
teric gland,  stained  by  Loffler's  methylene-blue,  and  rapidly  dehy- 
drated by  absolute  alcohol,  or  better  still,  perhaps,  by  anihn  oil,  and 
then  clarified  in  xylol,  show  the  typhoid  bacilh  collected,  here  and 
there,  into  large  and  small  groups,  which  by  their  intensely  blue 
colour  are  readily  detected,  even  under  the  low  power  of  the  microscope. 

The  isolation  and  differentiation  of  B.  typhosus  and  B.  coli 

The  use  of  media  containing  phenol,  hydrochloric  acid,  and  other 
antiseptics,  such  as  the  well-known  '  Parietti  broth,'  and  phenol  gela- 
tine (see  pp.  5,  8),  for  the  separation  of  B.'typhosns  and  B.  coli,  is  being 

N  2 
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Fig.  96. — bacillus  typhosus,     x  925 

A,  section  of  spleen  ;  B,  section  of  mesenteric 
gland  (LijfBer's  methylene  blue). 


180 


ESSENTIAT.S  OF  PRACTICAL  BACTEEIOLOGY 


more  and  more  abandoned  in  favour  of  free  dilution  of  the  media. 
These  antiseptics  may  be  useful  in  checking  the  growth  of  associated 
non-pathogenic  organisms  liquefying  gelatine.  But  Del^pine,  among 
others,  relies  entirely  on  the  dilution  method,  both  for  the  differentia- 
tion of  the  two  bacilli  under  discussion,  and  for  the  choking  off  of 
troublesome  associated  organisms.  He  says,'  '  By  reducing  the  number 
of  colonies  obtained  in  a  plate  to  five,  ten,  .or  twenty  at  most,  I  can 
watch  the  development  of  these  colonies  sufficiently  long  to  separate 
the  bacillus  of  typhoid  fever  from  other  bacilli.  The  advantage  of 
this  method  is  that  the  growth  of  the  typhoid  bacillus  is  much  more 
rapid  on  ordinary  alkaline  media  than  on  those  to  which  antiseptic 
substances  have  been  added  for  the  purpose  of  checking  the  growth  of 
other  bacteria.  On  such  alkaline  media  it  is  possible  to  obtain,  in  twenty- 
four  hours,  colonies  of  typhoid  bacilli  of  such  a  size  that  it  would 
take  three  or  four  days  to  grow  on  acid,  carbolised,  or  iodised  gelatine.' 

To  examine  water  suspected  of  contamination  with  the  Bacillus 
tjrphosus  or  B.  coli. — ^It  is  necessary  in  times  of  an  epidemic  of 
typhoid  fever  to  examine  the  sources  of  contagion,  which  are  most 
frequently  water  or  milk,  and  the  following  is  the  usual  method  of 
procedure. 

The  water  is  collected  in  a  sterile  bottle.  ^  and  a  large  quantity 
must  be  examined  before  a  negative  opinion  is  given.  The  water  is 
passed  through  a  sterihsed  Pasteur-Chamberland  filter,  using  either 
an  exhaust  apparatus  connected  with  the  main  water  supply,  or 
an  aspirator  of  some  sort.  With  a  sterile,  handled  nail-brush  the 
'  candle '  of  the  filter  is  carefully  scrubbed  down  into  a  glass  dish.  (A 
sterile  petri-dish  containing  sterile  water  may  be  employed;  and 
peptone-water,  or  normal  saline  solution,  may  be  used  instead  of 
plain  water.)  From  the  brushings  thus  obtained  a  series  of  cultiva- 
tions on  the  usual  media,  especially  '  shake  '  gelatine,  or  glucose  agar, 
and  plates  of  potato-gelatine  and  of  glycerine  agar-agar  are  made. 

After  incubating  at  the  appropriate  temperatures  overnight,  the 
'  shake  '  cultures  will  clearly  demonstrate  any  B.  coli  present.  Any 
colonies  on  the  potato-gelatine  or  agar  are  examined  with  a  low 
power  of  the  microscope,  and  those  resembling  B.  typhosus  or  B.  coh 
are  noted.  From  these,  coverslip  preparations  are  made,  and  if  the 
appearance  suggests  one  or  other  of  these  organisms,  pure  subcultures 
are  made  from  the  colony  under  observation,  and  the  distinctive  tests 
applied,  as  above  mentioned. 

'  Sheridan  DeMpine,  '  On  the  Value  of  the  different  Bacteriological  Methods 
of  Diagnosis  of  Typhoid  Fever,'  Med.  Chron.,  March,  1899. 

■■i  For  further  details,  consult  p.  263  et  seq. 
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Should  the  water  be  much  contaminated,  it  is  necessary  to  dilute 
freely  before  making  the  plates  of  potato-gelatine,  as  the  colonies  of 
B.  coli,  when  numerous,  have  insufficient  room  to  develop  normally, 
and  then  are  easily  mistaken  for  young  colonies  of  B.  typhosus. 

Typhoid  sloughs— In  examining  the  sloughs  which  separate  from 
typhoid  ulcers  of  the  intestine,  the  same  general  methods  are  used, 
great  dilution  before  inociilation  of  media  being  necessary. 

Inoculation  experiments— Cultures  of  typhoid  bacilli  soon  lose 
their  virulence  unless  this  is  maintained  by  passage  through  a  series 
of  animals,  so  that  its  inoculation  into  a  susceptible  animal  like  the 
guinea-pig  or  rabbit,  whether  subcutaneously,  intraperitoneally,  or 
intravenously,  may  be  followed  by  no  obvious  effects. 

To  obtain  a  virulent  culture  of  typhoid  bacilli.— The  general 
principle  consists  in  lowering  the  vitahty  of  the  animal  by  means  of 
injections  of  the  chemical  products  of  an  ordinarily  harmless 
bacillus,  such  as  B.  subtilis,  B.procligiosus,  B.  coli,  &c.,  simultaneously 
with,  or  just  before,  the  use  of  the  culture  of  B.  typhosus,  which  has 
lost  its  virulence.  This  is  done  in  the  case  of  a  series  of  animals, 
using  less  and  less  of  the  B.  subtilis,  &c.,  in  each  of  the  successive 
animals  ;  until,  finally,  the  B.  typhosus  may  be  used  alone  to  produce 
a  fatal  result. 

Sanarelli's  method,  which  is  to  be  recommended,  consists  in  in- 
jecting into  the  peritoneal  cavity  of  the  guinea-pig  a  broth  culture  of 
B.  coli,  which  has  been  previously  sterilised  by  heating  to  between 
60°  and  70°  C.  for  ten  minutes  before  injection.  (It  is  as  well  to  test 
whether  the  culture  has  been  killed,  by  inoculating  a  broth  tube 
therewith,  and  incubating  it  overnight  at  37°  C.)  A  half  c.cm.  of  a 
twenty-four-hours-old  broth  culture  of  B.  typhosus  is  then  injected 
subcutaneously.  Owing  to  the  chemical  products  of  the  B.  coli 
■culture  injected  intraperitoneally,  the  guinea-pig  will  probably  die  in 
twenty-four  hours  or  thereabouts,  and  care  should  be  taken  so  that 
the  animal  may  not  die  during  the  night — i.e.  at  a  time  when  it  is  no 
longer  under  observation;  if  necessary,  the  animal  may  be  killed 
shortly  before  the  time  at  which  death  would  otherwise  result,  so  that 
•cultures  may  be  made  from  the  peritoneal  cavity  before  any  trans- 
udation of  B.  coli  has  occurred  from  the  intestine  of  the  animal. 

If  cultivations  made  in  this  way  contain  a  rod-shaped  organism, 
it  is  probably  B.  typhosus,  and  not  B.  coli,  cultivations  in  '  shake  ' 
gelatine,  in  milk,  and  on  potato,  together  with  flagella-staining,  being 
used  as  tests.  Lastly,  the  organism,  which  from  such  cultures,  &c., 
appears  to  be  B.  typhosus,  is  then  tested  by  being  mixed  with  the 
blood  of  a  patient  suffering  from  typhoid  fever. 
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If  it  is  the  typhoid  bacillus,  it  should  show  a  well-marked  Widal's 
serum  reaction  (see  p.  183). 

A  broth  culture  from  the  peritoneal  cavity  of  the  first  inoculated 
animal  being  ascertained  to  be  absolutely  pure,  and  free  from  B.  coli, 
the  experiment  is  repeated  with  a  second  animal,  using  less  of  the 
sterilised  coli  culture  intraperitoneally  than  in  the  first  case,  and 
injecting  the  new  typhoid  culture  subcutaneously.  This  is  repeated 
through  a  series  of  animals,  using  less  and  less,  and  finally  none,  of 
the  coli  culture.  The  purity  of  the  new  typhoid  culture  must  be 
verified  each  time.  Eventually,  a  high  degree  of  virulence  is  obtained, 
but  it  requires  to  be  constantly  maintained  '  per  passage.' 

To  obtain  a  pure  culture  of  B.  typhosus  from  a  '  typhoid  '  spleen. — 
When  removed  intact  from  the  body,  it  is  washed  in  hot  distilled  water, 
and  then  with  some  antiseptic,  such  as  absolute  alcohol,  or  corrosive 
sublimate  1  in  1,000.  With  sterile  knife  the  spleen  is  sectioned,  and 
a  culture  made  from  the  cut  surface  ;  or  a  little  of  the  exposed  spleen 
substance  is  placed  in  a  flask  containing  200  c.cm.  of  sterile  water. 
After  incubation  at  37°  C.  for  twenty-four  hours,  agar  plates,  already 
poured,  are  brushed  over  with  sterile  camel-hair  brush  dipped  in  the 
inoculated  water.  After  incubation  for  twenty-four  hours,  a  copious 
growth  can  be  obtained,  the  virulence  of  cultures  from  a  fresh  spleen 
varying  considerably. 

The  effects  of  inoculations  with  B.  typhosus  and  B.  coli 

Bacillus  typhosus. — Intraperitoneal  inoculation  of  a  guinea-pig 
with  a  small  quantity  of  a  virulent  culture  of  B.  typhosus  causes 
death  in  less  than  twenty-four  hours,  ^^^th  an  exudation  of  highly 
toxic  peritoneal  fluid,  from  which  a  pure  culture  can  be  made.  By  the 
passage  of  intraperitoneal  fluid  thus  obtained  through  a  series  of 
animals,  the  virulence  can  be  much  exalted.  In  cultures  of  low 
virulence  the  bacilli  seem  limited  to  the  seat  of  inoculation,  but  with 
more  virulent  organisms  pure  growths  can  be  obtained  from  the 
heart's  blood,  the  spleen,  and  the  liver.i  (Occurrence  in  the  blood  is 
inconstant,  and  is  denied  by  some  authors.'^)  With  still  greater  toxicity 
of  the  intraperitoneal  exudation  from  a  previous  case,  death  followed 
intraperitoneal  injection  of  2  c.c.  of  the' fluid  in  five  and  a  half  hours. 
After  passage  through  a  series  of  animals,  2  c.cm.  of  the  mtra- 
peritoneal  exudation  caused  death  in  five  and  a  half  hours  after 

>  Professor  Sidney  Martin,  F.B.S.,  'The  Chemical  Products  of  Pathogenic 
Bacteria,'  Brit.  Med.  Journ.  1898,  i.  p.  1645.  ,.  , 

2  Syramers,  in  Thoinot  and  MasseUn's  Outlines  of  Bactenology.  English 

edition,  1899. 
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injection  intraperitoneally  ;  whilst  0-25  com.,  in  another  experiment, 
injected  intravenously,  caused  death  in  two  and  a  half  hours. 

Subcutaneous  inoculation  may  cause  local  sweUing  and  suppura- 
tion, a  pure  culture  being  obtained  from  the  abscess,  though  the 
heart's  blood,  spleen,  Hver,  and  even  peritoneum  may  be  sterde.  But 
general  infection  may  result,  especially  if  steriHsed  cultures  of  B.  coh, 
&c.,  be  injected  intraperitoneally  also.  Enlargement  and  congestion  of 
Fever's  patches  have  been  described,  and  Eembinger  stated  ^  in  1897 
that  he  had  succeeded  in  producing  this  condition  with  commencing 
ulceration  inthe  intestine,  with  a  typical  typhoid  temperature  chart,  in 
the  case  of  young  rabbits  fed  on  virulent  cultures  mixed  with  their  food. 

Bacillus  co^.^Intraperitoneal  inomlation  of  a  virulent  coli  culture, 
derived  from  the  spleen  in  the  manner  indicated  on  p.  182,  frequently 
causes  death  in  less  tha,n  twenty-four  hours,  and  it  appears  to  be 
easier  to  increase  the  virulence,  per  passage,  in  the  case  of  B.  coh 
than  in  that  of  B.  typliosus,  or  Gartner's  bacillus,  to  be  referred  to 
subsequently  (see  p.  189).  The  exudation  into  the  peritoneal  cavity 
in  the  cases  of  the  typhoid  and  Gartner  baciUi  is  far  less  frequently 
htemorrhagic  than  is  the  case  with  B.  coli.  The  exudation  becomes 
blood-stained  from  the  presence  of  blood-colouring  material,  red 
corpuscles  being  absent  (S.  Martin). 

After  death,  B.  coli  escapes  from  the  intestine  into  the  different 
organs  of  the  body,  and  has  distinctly  putrefactive  properties. 

The  exact  nature  of  the  poisonous  agent,  or  agents,  in  the  case  of 
the  typhoid  and  colon  bacilli,  is  still  undecided.  A  proteose  has  been 
isolated  in  the  case  of  B.  typhosus,  having  pathogenic  properties,  but 
ferment  action  has  been  suggested  as  being  probable. 


The  serum  diagnosis  of  typhoid  fever 

Widal's  reaction.  Bapid  clinical  metliod. — A  broth  subculture  of 
B.  typliosus  is  made  from  an  agar  culture  of  the  same,  which  has 
been  kept  at  the  temperature  of  the  laboratory  for  about  three  or  four 
weeks.  This  is  incubated  at  37°  C.  overnight ;  the  culture  ^  should 
not  be  used  when  more  than  twenty-four  hours  old.    Nine  loopfuls 

'  AnnaUs  de  I'Inst.  Pasteur,  1897. 

-  Instead  of  a  broth  culture,  a  very  weak  emulsion  made  by  rubbing  up  a  minute 
quantity  of  a  one  to  three  days'  old  agar  culture  with  10  c.c.  distilled  water,  in  a 
test-tube,  may  be  used.  Symmers  {loc.  cit.)  makes  the  very  useful  suggestion  that 
the  broth  culture,  or  agar  emulsion,  should  be  passed  through  wet  filter  paper,  so 
as  to  obtain  a  fluid  as  free  as  possible  from  clumps  of  bacilU,  which  are  probably 
largely  responsible  for  some  of  the  errors  made  by  inexperienced  observers. 
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of  this  broth  aye  placed  on  a  glass  slide  around  one  of  the  drom  of 
b  ood  wh.ch  has  been  obtained  by  pricking  the  fingertip  o' the 
patent  supposed  to  be  suffering  from  typhoid  fever.  An  emulsLn  i! 
made  by  rubb.ng  this  blood  up  wHh  the  nine  drops  of  broth  s  th 
the  former  is  diluted,  roughly  speaking,  one  in  ten.  Many  prefer  a 
dilution  of  1  m  30,  or  more  (see  p.  189).  ^  ^ 

A  hanging-drop  ^  is  made  by  taking  a  loopful  or  two  of  this 
emulsion  and  placing  it  on  the  under  surface  of  'a  coverslip,  which 
ItT  (p.1o).  "  '  hollow.gro.md  sHde  in  the  usull 

A  control  experiment,  which  should  always  be  made,  is  carried 
out  in  exactly  the  same  way,  using  the  blood  of  a  normal  individual 
instead  of  that  from  the  suspected  case.  The  hanging-drops  thus 
made  are  examined  under  the  microscope  (p.  31).  It  should 
hrst  be  ascertained,  by  looking  at  the  control  experiment,  that  the 
bacil  1  are  actively  motile,  and  show  no  marked  tendency  to  collect 
together  into  groups  all  over  the  field. 

The  hanging-drop  made  with  the  suspected  blood  should  show  the 
following  phenomena,  if  the  case  is  one  of  typhoid  fever.  There  is  a 
great  loss  of  motihty,  which  may  be  obvious  immediately  the  pre- 
paration is  made,  or  it  may  take  any  time  between  half  an  hour  and 
two  hours ;  but,  as  a  rule,  this  loss  of  motility  should  appear  in 
under  thirty  minutes,  and  may  be  instantaneous.  This  loss  of 
motihty  is  further  associated  with  the  massing  together  of  the  bacilli, 
which  form  little  groups  all  over  the  field,  and  in  most  of  the  fields 
that  can  be  examined.  This  grouping  together,  or  clumping,  of  the 
bacilli  is  known  as  'agglutination,'  the  bacilh  sticking  together  to 
form  a  felt  -work,  the  individuals  of  which  are  absolutely  motionless 
or  show  only  slight  Brownian  movement. 

It  is  absolutely  essential  to  make  the  control  test  with  healthy 
blood,  and  to  watch  it  from  time  to  time  to  make  sure  that  the  broth 
culture,  or  emulsion,  is  acting  normally.  If  this  culture  be  made 
exactly  as  directed,  and  the  blood  diluted  to  the  extent  indicated,  the 
vast  majority  of  observations  made  throughout  the  civihsed  world 
tend  to  prove  that  no  disease  but  typhoid  fever  can  produce  Widal's 
reaction  with  a  culture  of  B.  typhosus  (see,  however,  p.  189). 

Widal's  original  method,  which  is  a  slower  process,  consists  in 
mixing  the  serum,  which  has  been  separated  from  the  blood  of  the 
typhoid  patient,  with  nutrient  broth  in  the  proportion  of  one  of  serum 
to  ten  or  fifteen  parts  of  broth.  After  inoculating  this  mixture  with  a 

'  Some  writers  prefer  to  use  a  coverslip  and  plain  slide,  rather  than  the  hanging- 
drop  method. 
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culture  of  B.  typhosus,  it  is  incubated  at  37°  C,  and  in  twenty-four 
hours'  time  a  precipitate  forms  at  the  bottom  of  the  tube,  the  super- 
natant broth  being  quite  clear.  Should  the  patient  not  be  suffering 
from  typhoid  fever,  the  serum  remains  uniformly  turbid  after  twenty- 
four  hours,  a  cloud  settling  at  the  bottom  only  after  some  days. 

In  1896  Widal  showed  that  the  reaction,  which  now  goes  by  his 
name,  occurs  in  an  equally  characteristic .  manner,  as  regards  ag- 
glomeration of  bacilli,  whether  the  culture  of  B.  typhosus  is  living 
or  dead  (killed  by  an  exposure  to  a  temperature  of  60°  C.  for  ten 
minutes). 

This  observation  was  confirmed,  and  extended  to  the  organism  of 
Malta  fever — the  Micrococcus  Melitensis  of  Bruce — by  Wright  and 
Semple,  of  Netley.  They  point  out  ^  the  great  advantages  of  thus 
being  able  to  use  dead  cultures,  which  may  be  safely  and  conveniently 
carried  about,  and  sent  everywhere.  An  incubator  and  a  supply  of 
culture  media  are,  therefore,  no  longer  necessary  for  practitioners  in 
remote  districts  wishing  to  make  use  of  Widal's  reaction. 

As  further  facihtating  matters,  Wright  and  Semple  strongly 
recommend  the  use  of  capillary  sero-sedimentation  tubes,  and  a 
modification  -  of  Widal's  long  method  already  mentioned.  The  use 
of  these  tubes  (which  can  be  made  by  any  one  in  a  few  moments  from 
ordinary  glass  tubing)  does  away  with  the  need  for  prolonged  micro- 
scopic observations,  and  may,  where  the  necessity  arises,  be  employed 
even  in  the  absence  of  a  microscope.  A  further  advantage  of  using 
sedimentation  tubes  is  that  it  'lends  itself  better  than  any  other 

method  to  the  quantitative  determination  of  the  intensity  of  the  serum 
reaction.' 

Wright  and  Semple's  method.^—A  few  lengths  of  glass  tubing, 
with  which  to  make  '  blood  capsules  '  and  sealed  sedimentation  tubes, 
a  dead  culture  of  typhoid  bacilli,  a  supply  of  normal  salt  solution, 
a  watch-glass  or  two,  and  a  blowpipe  flame  ^  are  all  that  are 
necessary  for  carrying  out  the  sero-diagnosis  reaction. 

The  technique  for  the  manufacture  of  the  tubes  is  as  follows:— 

(i)  Blood  capsules.-ne^t  a  narrow  piece  of  glass  tubing,  in  two  places  in 
succession,  and  draw  it  out  at  these  places  into  capillary  tubes,  leaving  the 


ll^nd  Semple,  '  On  the  Employment  of  Dead  Bacteria  in  the  Serum 
Diagnosis  of  Typhoid  and  Malta  Fever,'  Brit.  Med  Journ.  1897,  i.  p  1214 
1808  rl  U^^i^'^^fi'  °"        Technique  of  Serum  Diagnosis,'  loc.  cit. 

sfmple  realh  c    t  '""'^  -^*^-^'  ^^^^^^  -  -^remely 

simple,  leaJly,  can  be  carried  out  very  rapidly 


186 


ESSENTIALS  OF  PRACTICAL  BACTERIOLOGY 


intervening  piece  to  form  a  little  chamber,  or '  blood  capsule.'  The  piece  of  tubing  at 
this  stage  somewhat  resembles  in  shape  the  common  fishing-float,  spindle-shaped  in 
the  centre  and  tapering  at  its  extremities.  One  of  the  capillary  tubes  (which  will 
be  the  lower  one,  finally)  is  '■  ent  up  so  as  to  form  a  somewhat  acute  angle  with  the 
long  axis  of  tlie  capsule.  To  avoid  a  kink  at  the  bend,  the  capillary  tube  when 
first  made  should  be  allowed  time  to  cool  down,  and  it  is  then  bent  over  very 
slowly. 

(ii)  Scaled  sedimentation  tabes. — These  are  practically  of  the  same  shape  and 
make  '  as  the  glass  pipette  shown  in  fig.  G2,  p.  120,  except  that  the  mouthpiece  at 
the  upper  end  of  the  pipette  (which,  of  course,  is  not  plugged  with  wool)  is  fused, 
and  drawn  out  into  a  fine  point.  We  have  thus  a  pipette  closed  at  its  upper  end 
and  open  at  the  lower  extremity  of  the  terminal,  fine  capillary  tube.  .  The  bulb 
nearer  this  lower  extremity  (fig.  C2)  in  this  sedimentation  tube,  which  we  have 
supposed  to  have  been  extemporised  from  a  pipette,  is  called  the '  mixing  chamber  ;  ' 
whilst  the  fused  upper  extremity,  or  closed  mouthpiece  of  the  pipette,  is  called  the 
'  air  chamber.' 

Method. — o,  TJte  blood-capsule  is  half-filled  with  blood  from  the  cleansed  finger 
of  the  patient,  by  api)lying  the  bent-up  free  end  of  the  lower  capillary  tube  to  the 
bleeding  point.  Capillary  attraction  and  gravity  cause  the  blood  to  flow  in,  and, 
when  the  lower  half  of  the  blood-chamber  or  capsule  is  full,  the  upper  half  is 
rapidly  warmed  with  a  match -light  or  spirit-lamp  flame.  The  air  in  the  upper 
half  is  rarefied,  and  before  it  can  contract  again  the  tip  of  the  upper  capillary  tube 
is  sealed  iu  the  flame.  When  the  capsule  cools,  the  blood  is  drawn  up  into  the 
capsule  from  the  lower  bent  capillary  tube,  and  its  tip  fused  without  any  danger 
of  overheating  the  blood. 

/3,  Dilution  of  the  serum. — In  a  short  time  the  serum  separates  from  the 
blood,  and,  after  the  upper  capillary  tube  has  been  broken  off  just  above  the  capsule, 
it  is  to  be  aspirated  into  the  sealed  sedimentation  tube  described  above.  The  '  air 
chamber '  at  the  upper  end  of  this  tube  is  heated,  and  the  free  lower  extremity  is 
passed  into  the  blood  capsule.  Before  doing  so,  however,  a  mark  on  the  capillary 
tube  below  the  '  mixing  chamber  '  at,  say,  |  inch  from  its  tip,  should  be  made  with 
a  wax  pencil. 

7,  Mixture  of  the  serum  ivith  bacterial  culture.— soon  as  the  serum  runs 
up  to  this  mark,  the  sedimentation  tube  is  withdrawn  from  the  blood  capsule  and 
its  tip  introduced  into  a  watch-glass  of  normal  saline  solution.  A  .  bubble  of 
air  will  have  entered  the  tip  of  the  tube  before  it  reaches  the  watch-glass, 
and  it  is  used  as  an  index.  The  salt  solution  is  allowed  to  run  up  into  the  pipette 
until  the  lower,  or  distal,  end  of  the  air-bubble  index  reaches  the  wax  pencil  mark. 
This  means  that  salt  solution,  exactly  equal  in  volume  to  that  of  the  serum,  has 
entered  the  tube.  The  point  of  the  tube  is  momentarily  raised  out  of  the  salt 
solution,  so  as  to  allow  another  air-bubble  to  enter  and  form  a  second  index.  The 
tip  of  the  tube  is  once  more  lowered  into  the  solution.  In  this  way  the  sedimentation 


'  Further  details  and  iUustrations  are  given  in  the  Brit.  Med.  Joum.  for  1898, 
quoted  above.  Blood  capsules  and  sedimentation  tubes  can  be  obtamed  ready 
made,  from  Mr.  A.  E.  Dean,  73  Hatton  Garden,  E.G.  The  upper  end  of  the  •  air 
chamber'  described  need  riot  be  closed,  filling  of  the  mixing  chamber  bemg  efiected 
by  an  ingenious  mechanical  appliance  devised  by  Mr.  Dean,  consisting  of  a  short 
metal  barrel,  fitting  on  to  the  upper  end  of  the  air  chamber,  and  a  rubber  teat  com- 
pressible directly,  and  through  a  spring  worked  by  a  screw. 
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tube  can  rapidly  be  filled  with  any  desired  number  of  equal  volumes  of  salt  solu- 
tion. ,      .        .    X     1  1  1 

5  For  ordinary  serum  diagnosis,  where  a  tenfold  dilution  is  to  be  employed,  one 
volume  of  serum  (i.e.  up  to  the  mark),  and  then  four  eqUal  volumes  of  salt  solution, 
are  introduced  into  the  sedimentation  tube.  The  tip  of  the  pipette  is  then  trans- 
ferred to  the  bacterial  emulsion  with  which  the  serum  is  to  be  tested  (see  below). 
Five  equal  volumes  of  this  emulsion  are  then  passed  up  into  the  pipette,  which  thus 
contains  one  volume  serum,  four  volumes  saline  solution,  and  five  volumes  bacterial 
emulsion— i.e.  the  serum  is  diluted  to  1  in  10. 

6,  Mixttcreof  the  contents  of  the  sedimentation  tube  is  readily  effected  by  allowing 
the  air  in  the  '  air  chamber  '  to  draw  up  the  whole  fluid  in  the  '  mixing  chamber.' 
If  sufficient  aspiratory  force  has  been  obtained  at  the  outset,  this  will  effect  itself 
automatically.  If,  on  the  other  hand,  sufficient  aspiratory  force  was  not  then 
obtained,  it  will  be  necessary  to  break  off  the  upper  fused  end  of  the  air  chamber. 
The  air  in  this  chamber  may  then  be  reheated  without  displacing  the  contents  of 
the  tube.  As  each  successive  volume  of  fluid  is  drawn  up  into  the  air  chamber  its 
air-babble  index  rises  to  the  surface  and  escapes.  To  facilitate  this,  the  tubing 
should  be  fairly  wide,  and  the  mixing  chamber  large— about  one  inch  long. 
Mixture  being  effected,  gentle  heat  is  again  appUed  to  the  air  chamber,  and  the 
fluid  driven  down  into  the  capillary  tube  below  the  mixing  chamber.  The  tip  of 
this  tube  is  quickly  sealed  in  the  flame.  The  segmentation  tube  is  placed  upright 
(tip  downwards)  in  a  test-tube,  which  is  labelled  with  the  date,  the  patient's  name, 
and  the  dilution  of  the  serum. 

A  control  tube  containing  a  mixture  of  equal  volumes  of  bacterial  culture  and 
normal  saline  solution  should  always  be  made. 

When  it  is  desired  to  make  a  quantitative  estimation  of  the  intensity  of  the 
serum  reaction,  the  method  is  as  follows  :  Introduce  one  volume  of  serum  into  the 
pipette  as  before.  Secondly,  take  in  four,  or  more,  equal  volumes  of  normal  saline 
solution.  Thirdly,  expel  the  diluted  serum  into  a  clean  watch-glass.  Fourthly, 
mix  one  volume  of  the  diluted  serum,  or  of  any  further  dilution  that  may  have 
been  made  from  it,  with  one  volume  of  the  bacterial  culture. 

Dead  bacterial  cultures  are  the  most  convenient  form  to  employ  in  these  sero- 
sedimentation  tubes.  Young  agar  cultures  of  the  desired  micro-organism  are 
emulsified  with  a  measured  quantity  of  sterile  normal  salt  solution — 4  or  5  c.c.  of 
salt  solution  to  each  agar  tube.  The  emulsions  are  killed  by  heating  to  60°  C.  for 
ten  minutes.  An  addition  of  0*5  per  cent,  carbolic  acid  is  added  to  the  dead 
cultures  in  order  to  prevent  the  possibility  of  accidental  contamination.  The  dead 
and  carbolised  cultures  are  filled  in  from  a  syringe  into  small  capsules,  or  where 
large  quantities  are  required,  for  class  purposes,  &c.,  the  dead  cultures  are  kept  in 
drop  bottles  fitted  with  pipette,  over  the  blown-out  open  end-  of  which  is  stretched 
a  thin  piece  of  rubber. 

The  results  obtained  by  this  method.— The  positive  or  negative  result  of  a  blood 
examination  in  an  ordinary  case  can  be  judged  of  in  the  course  of  twelve  hours  by 
a  mere  naked-eye  inspection  of  the  sedimentation  tubes. 

With  a  negative  result,  the  fluid  remains  turbid  throughout. 

A  positive  result  is  indicated  by  an  unevenly  disposed,  flocculent  precipitate, 
consisting  of  masses  of  agglomerated  bacilli  settling  at  the  closed  lower  extremity 
of  the  pipette,  whilst  the  supernatant  fluid  becomes  quite  clear.  A  less  complete 
positive  reaction  is  indicated  by  the  deposit  of  a  flocculent  precipitate  as  before, 
whilst  the  supernatant  fluid  is  incompletely  clarified. 

In  a  control  tube  there  is  eventually  a  deposit  of  evenly  stratified, 


non- 
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flocculent  precipitate,  which  is  readily  distinguished  from  that  seen  in  a  positive 
reaction. 

The  use  of  serum  free  from  blood  corpuscles,  and  the  employment  of  salt 
solution  instead  of  distilled  water,  prevent  ambiguity  in  the  appearance  of  the 
deposit,  which  might  arise  from  the  mixture  of  the  deposit  in  the  control  with  red 
corpuscles,  or  the  occurrence  of  a  sediment  of  flakes  of  serum-globulin. 

The  microscopic  examination  of  the  sediment  reveals  agglomerated  bacilli  in 
the  positive  result,  and  non-agglomerated  bacilli  in  the  control.  By  such  examina- 
tion of  the  fluid  at  the  bottom  of  the  pipette  one  may,  in  fact,  determine  whether 
the  reaction  is  positive  or  negative,  in  a  few  minutes  from  the  time  the  test  has 
been  commenced. 

For  this  purpose,  if  a  sealed  sedimentation  tube  has  been  used,  the  fused  upper 
end  should  first  be  nipped  off,  and  then  the  tip. 

In  conclusion.  Professor  Wright  notes  that  the  sedimentation  tubes  may  be 
used  many  times.  They  may  be  blown  out  after  breaking  off  the  ends,  cleaned 
in  distilled  water,  and  dried  by  passing  through  the  flame. 

After  more  than'  three  years'  most  careful  investigation  of  this 
reaction,  throughout  the  civihsed  world,  the  blood  or  blood-serum  from, 
practically,  all  known  kinds  of  disease  having  failed  to  give  the  reaction 
with  a  properly  prepared  culture  of  B.  typhosus  unless  the  case  proved 
to  be  enteric  fever,  it  is  now  fair  to  assume  that  Widal's  serum- 
diagnosis  method  is  reliable  ;  and  even  negative  results,  after  the  fifth 
day  of  the  symptoms  (with  all  the  above-mentioned  precautions,  the 
healthy  blood,  in  the  control  experiment,  failing  to  cause  agglomera- 
tion), may  be  taken  as  positive  proof  of  the  absence  of  typhoid  fever. 
In  four  hundred  hospital  cases  reported  in  September,  1897,  at  the 
Leeds  Congress  of  the  Sanitary  Institute,^  the  serum  diagnosis  was 
supported  by  the  course  observed  clinically,  and  all  post-mortems  of 
fatal  cases  confirmed  the  result  of  the  test.  In  general  practice,  also, 
the  medical  attendants  testified  to  the  correctness  of  both  negative 
and  positive  results  in  not  less  than  94  per  cent,  of  them. 

Bacillus  coli. — Widal's  reaction  can  also  be  demonstrated  in  the 
case  of  B.  coli,  when  artificially  prepared  coli  serum  is  prepared  from 
an  animal  immunised,  by  gradually  increasing  injections  of  B.  coli 
cultures,  in  the  usual  way.  It  has  been  stated,  however,  that  normal 
rabbit  serum  gives  a  clumping  reaction  with  B.  coli.  The  reaction 
does  not  occur  with  all  coh  serums,  some  serums  only  agglutinating 
certain  coli  cultures.  This  points  conclusively  to  there  being  several 
varieties  at  least  of  this  organism.  Variations  in  the  degree  of  indol 
reaction  and  milk  coagulation  point  in  the  same  direction. 

Widal's  reaction  is  specific  in  most  cases ;  that  is  to  say,  it  is  not 
given  when  blood  serum  from  a^  case  of  enteric  fever  is  mixed  with 


1  Brit.  Med.  Journ.  December  4,  1897. 
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B.  coU;  nor  does  coli  serum  give  a  reaction  with  B.  typhosus. 
According  to  Durham,  however,  the  Bacillus  enteritidis  of  Gartner, 
which  in  many  ways  resembles  both  B.  coli  and  B.  typhosus, 
gives  the  reaction  to  some  extent,  when  mixed  vsdth  typhoid  serum  ; 
and  if  one  di-op  of  the  blood  serum  from  a  patient  suffering  infection 
with  Gartner's  bacillus  (from  eating  unsound  meat,)  be  mixed  with, 
nine  drops  of  typhoid  broth,  a  positive  reaction — i.e.  clumping  of  the 
bacilh — occurs,  proving  that  the  dilution  of  1  in  10  is  too  small  to 
furnish  a  reliable  criterion.  '  With  a  dilution  of  1  in  100,  the  reaction 
is  negative  (Durham). 

Inoculation  against  enteric  fever,  with  serum  from  an  immunised 
horse,  has  been  extensively  practised  by  Wright,  \  as  a  preventive 
measure,  with  apparently  good  results.  The  method  is  still  under 
trial. 

Bacillus  enteritidis  of  Gartner 

Of  recent  years  the,  attention  of  bacteriologists  has  been  drawn  to 
the  many  serious,  and  often  rapidly  fatal,  cases  of  illness  arising  from 
eating  unsound  meat,  especially  when  uncooked,  or  when  not  eaten 
for  some  days  after  being  cooked.  Many  of  these  have  been  attributed 
to  the  presence  of  sterile  chemical  products  of  bacterial  activity,  in 
the  absence  of  living  germs.  The  majority  of  cases  which  have 
been  investigated  bacteriologically  have,  however,  been  shown  to  be 
due  to  Gartner's  bacillus,  of  which  there  appear  to  be  several 
varieties. 

For  an  account  of  some  of  these  epidemics,  recent  papers  by 
Durham  2  should  be  consulted.  In  one  instance,^  of  ninety-three 
persons  who  partook  of  the  meat,  fifty-eight  became  ill,  and  one  died 
thirty-six  hours  later.  The  symptoms  include  nausea,  vomiting, 
diarrhoea,  weakness,  prostration,  fever,  and  pains  in  the  joints.  The 
organism  is  found  in  the  diseased  meat,  distending  the  capillaries, 
and  in  the  viscera  of  the  patient  after  death.  Puerperal  trouble  in 
cows,  and  septicsemic  diarrhoea  in  calves,  have  frequently  been  known 
to  have  affected  the  animals  conveying  disease  in  this  way.  Gartner's 
bacillus  is  of  interest,  not  only  because  the  results  of  inoculation  are 
similar  to  those  produced  by  B.  typhosus  and  B.  coli,  but  on  account 

'  Brit.  Med.  Journ.  1899,  i.  p.  572. 

-  Durham,  '  On  the  Present  Knowledge  of  Outbreaks  due  to  Meat  Poisoning ' 
Brit.  Med.  Journ.  1898,  i.  p.  1797. 

^  lUd.  'On  Infections  by  Unsound  Meat,  more  especially  with  regard  to 
B.  enteritidis  (Giirtner),'  Trans.  Path.  Soc.  1899,  and  Brit.  Med.  Journ  1899  i 
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■of  its  morphological  and  cultural  peculiarities,  which  closely  resemble 
those  of  the  two  organisms  mentioned. 

Durham  •  gives  the  following  description  : — 

Microscopic  characters  of  B.  enteritidis  (Gartner).—!.  Young  agar  cultures, 
polymorphous.  Threads,  bacilli  of  various  lengths,  and  round,  coccus-like  bodies 
(similar  to  typhoid  bacillus). 

2.  Gelatine  streak  cultures,  a  few  days  old,  may  show  the  characteristic  forms, 
the  extremities  of  which  ends  do  not  stain,  as  noted  by  Gartner  ;  in  recently  divided 
individuals,  the  stained  material  is  all  at  one  end.  This  appearance  is  not  always 
obtained  unless  the  culture  is  of  the  right  age. 

Cultivations.— Growth  in  all  media  is,  like  that  of  B.  coli,  much  more 
exuberant  than  in  the  case  of  JS.  typhosus. 

The  chief  points  of  difference  between  the  three  organisms  referred  to  may  be 
tabulated  as  follows  : — 


Glucose  gela  - 
tine,  and  glu- 
cose agar 

Potato  . 


Milk 


B.  typhosus 
No  gas  formation. 


Growth  hardly 
visible,  forms  a 
'transparent 
glaze.' 

No  coagulation. 


B.  coli  communis 
Gas  formation. 


B.  enteritidis  (Gartner) 
Gas  formation. 


Growth  fleshy,  and 
yellowish-brown. 


Slightly 
growth. 


coloured 


Indol  reaction  Absent. 


Coagulation    (gene-    No  coagulation 
rally). 

Present  (generally). 


Flagella 


Widal's  reac- 
tion 


Long,  wavy,  and 
numerous,  eight 
to  sixteen  or 
twenty 


With  serum  from 
typhoid  patient, 
not  with  coli 
serum. 


Shorter,  and  less  nu- 
merous,two  to  eight 
or  ten.  Stained 
with  more  diffi- 
culty than  those  of 
B.  typhosus. 

Not  with  serum  from 
typhoid  patient, 
only  with  coli 
serum. 


Only  a  slight  le- 
action,  not  con- 
stantly obtained. 

About  intermediate 
between  B.  coli  and 
B  typhosus. 


With  Giirtner  serum, 
and  with  tji^hoid 
serum,  if  dilution 
be  1  in  10,  not 
when  1  in  100  (Dur- 
ham). 


Widal's  reaction,  referred  to  in  the  table,  has  been  used  by  Durham  as  a  means 
of  diagnosis  in  cases  of  infection  from  unsound  meat,  blood  serum  from  patients 
even  eight  days  after  the  onset  of  symptoms  giving  a  positive  result,  when  diluted 
1  in  100,  and  mixed  with  a  culture  of  B.  enteritidis  {Gartner).  . 


■  ■'  Durham,  '  On  the  Present  Knowledge  of  Outbreaks  due  to  Meat  Poisoning,' 
Brit.  Med.  Journ.  1898,  i.  p.  1797. 
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Inoculation  of  guinea-pigs,  intraperitoneally,  with  a  small  loopful  of  a  virulent 
culture  causes  death  in  less  than  twenty-four  hours,  with  exudation  of  a 
highly  toxic'  albuminous,  but  not  hffimorrhagic  fluid,  teeming  with  the  specific 
organisms,  which  are  also  found  throughout  the  organs  of  the  body,  its  distribution 
in  th-se  being  much  more  constant  than  in  the  case  of  B.  typhosus.  It  occurs 
in  the  heart's  blood,  the  spleen,  liver,  kidneys,  and  peritoneal  exudation,  in  pure 
culture. 

Micrococcus  Melitensis,  and  Malta  fever 

Micrococcus  Melitensis,  the  organism  of  Malta,  or  Mediterranean, 
fever  (endemic  in  various  parts  of  the  Mediterranean,  and  possibly  in 
the  Eed  Sea,  Hong  Kong,  and  elsewhere),  was  first  described  in  1886 
by  Bruce,  and  valuable  work  was  also  done^  by  the  late  Captain 
Louis  Hughes,  E.A.M.C.,  in  1896,  and  also  by  Wright  and  Semple.=^ 
The  micrococci,  which  are  extremely  small,  were  isolated  from  the 
enlarged  and  softened  spleen,  which  is  such  a  marked  feature  in  the 
disease.  When  inoculated  into  monkeys,  Koch's  postulates  are 
fulfilled  by  the  organism,  the  peculiarly  irregular  temperature  curve, 
consisting  of  intermittent  waves  of  pyrexia  of  a  distinctly  remittent 
type,  characteristic  of  the  disease  in  man,  being  reproduced. 

The  absence  of  ulceration  in  the  intestines,  as  well  as  the  clinical 
course,  distinguish  the  disease  from  typhoid  fever.  The  blood,  spleen, 
&c.,  have  been  shown  free  from  malarial  parasites  and  pigment. 

Cultivation. — The  organism  is  best  grown  on  agar,  appearing,  in 
from  four  to  five  days,  as  minute  transparent  colonies  ;  subsequently 
they  become  opaque  and  of  an  orange  tint  (Hewlett). 

FUm  preparations  should  be  stained  with  carbol-fuchsin.  The 
cocci  are  seen  to  be  arranged  singly,  or  in  pairs,  or  in  short  chains. 
They  are  decolorised  when  treated  by  Gram's  method. 

Widal's  reaction  can  be  readily  demonstrated  by  mixing  the  blood- 
serurti  from  a  patient  suffering  from  the  disease  with  a  pure  culture 
of  the  specific  organism,  alive  or  dead,  after  diluting  exactly  as  in  the 
case  of  B.  typhosus,  &c. 

The  disease  is  most  prevalent  during  the  hot  dry  months,  between  May  and 
October,  with  a  maximum  prevalence  in  July,  August,  and  September,  occurring  in 
inverse  ratio  to  the  amount  and  continuance  of  the  rainfall.  The  disease,  which 
is  not  contagious,  appears  to  spread  by  aerial  infection,  rising  from  drains,  or  soil 


'  Professor  Sidney  Martin,  F.E.S.,  Croonian  Lectures,  Brit.  Med.  Joiirn.  1S98 
li.  p.  13. 

-  Captain  M.  Louis  Hughes,  E.A.M.C.,  '  The  Endemic  Fever  of  the  Medi- 
terranean,' Brit.  Med.  Journ.  1896,  i.  p.  972. 

3  'On  the  Employment  of  Dead  Bacteria  in  the  Serum  Diagnosis  of  Typhoid 
and  Malta  Fever,'  Brit.  Med.  Journ.  1897,  i.  p.  1214. 
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infected  by  the  excrement  of  previous  sufferers  from  the  disease,  and  so  entering 
the  system  by  the  throat  or  air  passages.  The  mortality  does  not  exceed  2  per  cent 
but  the  duration  of  the  sickness  is  very  long  (Hughes).  ' 

Bacillus  icteroides  and  Yellow  Fever.  -Yellow  Fever,  as  shown  '  by  Sanarelli 
m  1897,  IS  a  disease  taking  a  cyclical  course,  and  it  is  solely  at  the  end  of  the 
cycle,  about  the  seventh  or  eighth  day,  that  the  specific  microbe  (B.  icteroides)  at 
first  present  in  very  small  numbers,  multiplies  rapidly,  and  invades,  almost  suddenly 
the  whole  organism,  being  generally  accompanied  by  other  microbes— probably 
from  the  intestines.  The  manner  of  development  of  these  secondary  organisms 
gives  yellow  fever  its  protean  character. 

Only  in  cases  which  regularly  complete  the  disease  cycle  can  the  specific 
microbe,  diffused  in  the  blood  and  organs,  be  found  wth  comparative  facility. 
When  an  intervening  septicajmia,  or  precocious  urasmic  poisoning,  puts  an  early 
end  to  the  disease  cycle,  it  is  extremely  difficult,  if  not  impossible,  to  isolate  the 
B.  icte.roicles. 

The  secondary  infections  are  nearly  always  due  to  B.  coli,  streptococci, 
staphylococci,  and  similar  well-defined  microbes;  and,  as  in  the  case  of  typhoid, 
yellow  fever  is  associated  with  quite  a  remarkable  increase  in  the  number  of 
B.  coli,  which  are  met  with  in  a  state  of  almost  absolute  purity  (see  p.  172). 

On  the  other  hand,  B.  icteroides  is  never  found  in  the  gnstro-intestinal  canal, 
and  must  be  sought  for  in  the  blood  and  tissues,  where  it  is  found  in  the  capillaries 
of  the  liver,  kidneys,  &c.,  aggregated  in  groups.  A  fresh  piece  of  diseased  hver 
should  be  kept  for  twenty-four  hours  in  the  incubator  at  37°  C,  as  this  facilitates 
the  multiplication,  and  so  the  detection,  of  the  organism. 

Cultivations.— All  the  ordinary  nutritive  media  may  be  used.  The  organism 
is  a  facultative  anaerobe  (see  p.  36). 

Gelatine  plates. — The  rounded  colonies,  at  first  transparent  and  granular, 
acquire  an  opaque  nucleus,  then  become  more  granular,  and  opaque,  milky-white, 
throughout.  The  gelatine  is  not  liquefied.  Growth  on  this  medium  seems  to  be 
facilitated  if  moulds  are  present. 

Agar  agar.  —  The  culture  should  be  kept  for  from  twelve  to  sixteen  hours  at  37°  C, 
and  then  at  the  room  temperature  for  the  same  length  of  time.  It  then  shows  a 
flat  central  nucleus,  transparent  and  bluish,  surrounded  by  a  prominent  and 
opaque  zone,  the  whole  resembling  a  drop  of  sealing  wax. 

As  this  character,  which  for  the  j)resent  may  be  considered  specific,  can, 
fortunately,  be  obtained  even  in  twenty -four  hours,  it  serves  to  establish  in  the  most 
rapid  and  certain  manner  the  bacteriological  diagnosis  of  B.  icteroides. 

The  bacillus  resists  drying,  dies  in  water  at  60°  C,  and  is  killed  in  seven  hours 
by  the  solar  rays,  but  lives  for  a  long  time  in  sea-water. 

Under  the  microscope,  the  bacillus  is  seen  to  be  a  rod  with  rounded  extremities, 
and  occurs  generally  united  in  pairs,  in  the  culture  ;  and  in  small  groups,  in  the 
capillaries  of  tissues  affected.  It  measures  from  two  to  four  thousandths  of  a 
millimetre  in  length,  and,  as  a  rule,  is  two  or  three  times  longer  than  broad. 
Il  is  stained  by  Gram's  method. 


'  This  account  is  taken  from  Sanarelli's  paper  translated  in  the  Brit.  Med. 
Journal,  July  3,  1897. 
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LESSON  XVIII 

CHOLEBA — KOCH'S  COMMA  BACILLUS  AND  ALLIED  ORGANISMS 

A.  Koch's  comma  bacillus  (Vibrio  cholerae  asiaticse) 

B.  Vibrio  Metchnikovi 

C.  Vibrio  Finkler-Prior 

I.  Make  cultivations  of  A,  B,  and  C  : 

(i)  Broth. 

(ii)  Peptone-water. 

(iii)  Gelatine  stab. 

(iv)  Gelatine  plates.    Examine  and  sketch,  daily,  under 

f-inch  objective. 

(v)  Agar  streak.    Keep  at  20°-22^  C. 
(vi)  Potato. 

II.  Stain  coverslip  p-epa7'fl^io7zs  of  A,  B,  and  C,  from  the  agar 
culture  (kept  at  20°-22°  C.  for  not  more  than  twenty-four  hours),  with 
carbol-fuchsin. 

III.  Make  hanging-drops  from  A,  B,  and  C  broths. 

IV.  Do  the  indol  reaction  with  the  peptone-water  cultures,  after 
a  few  hours'  incubation,  by  adding  a  few  drops  of  concentrated 
sulphuric  "acid,  the  nitrite  solution  added  in  the  case  of  B.  coli 
communis  (p.  169)  being  unnecessary. 

V.  Make  impression  preparations  from  the  gelatine  plates,  when 
the  colonies  are  twenty-four  hours  old,  and  stain  with  carbol-fuchsin. 

The  bacillus  of  Asiatic  cholera,  Vibrio  cholerae  asiaticse 
(Koch's  comma  bacillus) 

The  baciUus  of  Asiatic  cholera.— This  organism,  which  Professor 
Koch,  of  Berlin,  has  shown  to  be  invariably  associated  with  cases  of 
Asiatic  cholera,  presents  the  following  appearances. 

Cultivations. — Gelatine  stab. — In  the  first  twenty-four  hours  the 
growth  is  hardly  perceptible  (fig.  97,  a).  In  from  thirty -six  to  forty- 
eight  hours  at  22°  C,  a  shght  hquefaction,  with  excavation  of  the  gela- 
tine from  evaporation,  is  seen  to  have  occurred  at  the  top  of  the  needle 
track,  below  which  appears  an  irregular,  opaque  white  line,  composed 
of  minute  colonies  of  the  organism  (fig.  98,  a).  This  white  growth 
continues  to  spread  downwards  along  the  track  of  the  needle, 

o 
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the  liquefaction  steadily  increases,  and  with  it  the  size  of^  the 
excavated  cup,  from  the  evaporation  of  the  supernatant  fluid,  the 
orifice  of  this  cup  in  the  gelatine  being  somewhat  smaller  than  the 
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Fig.  97.— a,  vibrio  cholera:  asiatic/e.    B,  vibrio  sietchnikovi. 

C,  VIBRIO  riNKLER-PRIOB 

stab-gelatine  cultures,  after  twenty -oue  hours. 
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gas-bubble  itself  in  diameter.  On  the  third  day,  after  incubation  at 
22°  C.  (fig.  99,  a),  there  is  seen  to  be  considerable  increase  in  the 
development  of  the  down-growth  of  opaque  white  colonies  in  the 
needle  track,  liquefaction  also  becoming  increasingly  evident. 


ABC 


Fig.  98.— a,  vibrio  cnoLER/K  asiatice.    B,  vibrio  metchnikovi. 

C,  VIUEIO  MNKLER-FRIOK 
Stab-gelatine  cultures,  after  forty-five  hours. 
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PZa^es.— Plates  in  from  twelve  to  sixteen,  or  eighteen  hours  begin 
to  show,  under  the  microscope,  minute  points  of  growth.    In  about 


B 


FlO.  99.  A,  VIBRIO  CHOLEK^E  ASIATICE.     B,  VIBRIO  METCHNIKOVI. 

C,  VIBRIO  riNKLEH-PRIOR 
Stab  .gelatine  cultures,  after  uinety-tliree  hours. 
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twenty-four  hours  the  '  original '  plate  is  so  crowded  with  colonies  as 
to  present  the  appearance  of  ground  glass. 

Microscopic  examination. — Young  colonies,  sixteen  to  eighteen 
hours  old,  are  of  very  pale  greenish-yellow  tint,  translucent,  and  sharply 


B 
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Fig.  100. — A,  vibeio  choler.e  asiatic/E  ;  B,  vibeio  metchnikovi  ; 

C,  VIBRIO  FINKLEE-PRIOR 
Gelatine  plate  cultures,  the  first  day  (about  twenty-four  hours)  after  incubation  at  22°  C. 
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Fig.  101.— a,  vibrio  choler.e  asiatic^e  ;  B,  vibrio  metchnikovi  ; 
C,  vibrio  finkler-prior 
Gelatine  plate  cultures,  the  second  day  (about  forty-eight  hoars)  after  incubation  at  22°  C. 

A  B  C 


Fig.  102.— a,  vibrio  cholera:  Asiatics  ;  B,  vibrio  metchnikovi  ; 
C,  vibrio  finkler-peior 
Gelatine  plate  cultures,  tl,e  tliird  day  (about  sixty  hours)  after  incubation  at  22°  0. 

outlined.   Theyare  more  or  less  homogeneous.   In  from  twenty-four 
to  twenty-six  hours  they  lose  this  structureless  appearance  and  become 
more  granular  (fig.  100,  a),  and,  later,  become  even  slightly  lobulated 
the  margm  of  the  colony  being  irregular,  owing  to  the  liquefaction  of 


ins  ESSENTIALS  OF  PEAOTICAL  BACTEMOLOGY 

the  gelatine.  After  forty-eight  liours,  or  less,  the  aspect  hecomes 
still  more  characteristic,  owing  to  the  increasing  liquefaction  of  the 
gelatine.  The  darker  central  portion  is  ragged  and  irregular  at  its 
edges,  lying  apparently  in  an  almost  clear  space,  which  is  really 
liquefied  medium,  to  the  bottom  of  which  the  remains  of  the  colony, 
now  yellowish-white,  and  rather  opaque,  has  sunk.  This  clear  space 
is  limited  by  a  sharply  defined  margin.  The  double  contour  thus 
presented  is  very  striking.  In  from  sixty-four  to  seventy-two 
hours,  the  central  colony  forms  an  islet  with  granular  surface  and 
very  irregular  edges,  which  radiate  into  the  hquefying  medium,  the 
size  of  the  colony  being  about  three  times  that  at  forty-eight  hours. 
This  broken-down,  granular-looking  mass  becomes  fainter  and 
fainter,  until  the  whole  surface  of  the  plate  is  completely  liquefied. 

Agar-agar  streak.— The  growth  is  moist  and  greyish  white,  but 
not  characteristic.  The  organism  shows  great  tendency  to  involute 
when  the  culture  is  incubated  at  37°  C.  A  twenty-four  hours' 
growth,  best  kept  at  from  20°  to  22°  C,  is,  therefore,  very  useful 
when  one  wishes  to  obtain  non-involuted  forms  of  the  organism. 

Potato. — The  growth  in  twenty-four  hours  is  of  a  light  yellow 
colour,  and  hardly  perceptible. 

The  cholera-red,  or  indol  reaction,  obtained  by  adding  a  few  drops 
of  pure  sulphuric  acid  to  an  eight  to  twelve  hours'  culture  of  cholera 
bacilli  in  peptone- water  {ivithojit  the  use  of  any  nitrite  solution,  as  in 
the  case  of  B.  coli),  is  very  characteristic.  A  distinct  reaction  is 
obtainable  after  even  a  few  hours'  incubation.  If  the  peptone-water 
growth  is  two  or  three  days  old,  the  crimson  tint  is  still  more  pro- 
nounced. It  depends  upon  the  rapid  foi'mation  of  indol  from  proteid 
material,  and  the  reduction  of  nitrates  to  nitrites  (which  then  combine 
with  the  indol),  as  the  result  of  the  vital  activity  of  the  cholera 
organism,  peptone- watei  being  a  more  favourable  medium  than 
nutrient  broth  for  the  demonstration  of  this  nitroso-inclol,  or  cholera- 
red  reaction. 

Under  the  microscope,  the  cholera  organisms  are  seen  to  be 
slightly  curved,  slender  rods,  with  pointed  ends,  very  like  the  German 
comma  {not  the  EngHsh).  The  length  is  from  half  to  two-thirds 
that  of  an  average  tubercle  bacillus— /.e.  one-eighth  to  one-third 
of  the  diameter  of  a  red  blood  corpuscle.  These  commata  are 
joined  up  with  their  concavities  in  the  same  direction,  or,  what  is 
perhaps  more  common,  with  their  concavities  reversed,  so  as  to 
produce  an  S-shaped  figure.  Three  or  more  organisms,  with  their 
concavities  in  opposite  directions,  may  thus  be  linked  together, 
forming  a  spirillum;  in  fact,  Koch  has  considered  it  possible  that 
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the  cholera  vibrio  is  really  derived  from  a  spirillum  which  has  spHt 
lip  into  its  component  parts. 

In  an  ordinary  film  preparation,  unless  it  has  been  very  hghtiy 
spread  out  by  means  of  the  platinum  loop,  there  may  be  no  obvious 
grouping  of  the  organisms  visible ;  but  in  impression  preparations 
(fig.  103),  or  when  a  flake  of  the  characteristic  '  rice-water  stool ' 
(fig.  104)  is  carefully  spread  on  the  coverslip  and  stained,  the  bacilli 
are  often  seen  arranged  in  groups,  individuals  of  each  group  lying 
parallel  with  each  other,  though  the  groups  themselves  may  be 
arranged  in  various  directions,  but,  viewed  as  a  whole,  producing  an 
appearance  which  Koch,  long  ago,  compared  with  '  schools  of  fish 
swimming  up  stream.' 


Fig.  103.- 


FlG.  104. — A   FILM   MADE    DERECT  FROM 
CHOLEEA  '  EICE-WATEB.  STOOL,'  FOHM- 
'  Agar-agar  plate,  three  days  old,  kept  at  20^-22°  C.  REALLY,  ALMOST  A  PUBE  CULTUBE 
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x530 


Impression  preparation. 


OF  koch's  comma  bacillus.     X  530 


This  specimen  was  prepared  by  the  author  in 
Professor  Koch's  laboratory  dnring  an  epi- 
In   the  rice-water    preparation     Jemlc  of  cholera.  The  cultures,  subsequently 
■  made,  were  typical  in  every  way. 

(fig.  104),  the  commata  are  seen  to 

be  smaller  and  thinner  than  in  preparations  taken  from  cultures. 
The  organisms  are  not  stained  by  Gram's  method. 

In  a  hanging-dro]),  the  vibrios  can  be  seen  to  be  very  active, 
darting  across  the  field  very  rapidly.  This  movement  is  due  to  the 
presence  of  a  single  flagellum,  about  one  to  one  and  a  half  times  the 
length  of  the  bacillus.  It  may  be  demonstrated  by  Van  Ermenghem's 
method  (p.  171). 

To  examine  water,  suspected  of  being  the  source  of  infection,  or 
the  dejecta,  from  a  case  of  supposed  cholera,  the  following  methods 
are  in  general  use  : 

Suspected  water,  collected  in  sterile  bottles,  and  carefully  sealed  up 
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and  rapidly  brought  to  the  laboratory,  is  placed  in  a  series  of  small 
sterile,  conical  Erlenmeyer's  flasks,  and  to  every  100  c.c.  of  water  are 
added  1  gramme  of  peptone,  ^  gramme  of  common  salt,  as  recom- 
mended by  Dunham,  and  thus  making  'Dunham's  sohUion  ;  '  or,  in 
addition,  2  grammes  of  gelatine  may  bs  used,  according  to  Metc'hni- 
koff's  formula.  After  incubation  at  37°  C.  for  eight  hours,  the 
cholera  bacilli,  if  present,  will  have  multiplied  more  rapidly  than 
other  organisms. 

Film  preparations  from  the  surface  of  this  fluid,  near  its  edge, 
may  reveal  a  practically  pure  culture  of  comma  bacilli.  If  so,  pure 
cultures  should  at  once  be  made— stab-gelatine,  streak-agar,  gelatine 
and  agar  plates,  and  peptone- water.  The  agar  plates,  kept  at  37°  C, 
will  be  ready  for  examination  in,  if  need  be,  ten  hours,  and  the 
peptone-water,  in  even  fewer  hours,  ought  to  give  a  distinct  cholera- 
red  reaction,  if  cholera  is  present. 

If  this  reaction  is  given,  an  ordinary  loopful  of  the  agar  cultm-e  is 
injected  into  the  peritoneal  cavity  of  a  guinea-pig,  which  should  not 
survive  more  than  a  few  hours,  if  the  culture  is  that  of  cholera. 

If  the  guinea-pig  dies,  one  more  test— Pfeift'er's  reaction— is 
tried. 

PfeifFer's  reaction. — This,  as  originally  carried  out,  consists  in 
mixing  in  a  test-tube  a  standard  loopful  of  the  supposed  cholera 
culture  with  a  definite  quantity  of  serum  from  an  animal  previously 
immunised  against  cholera.  This  is  injected  into  the  peritoneal 
cavity  of  a  fresh  guinea-pig.  After  twenty  minutes  some  of  the 
peritoneal  fluid  is  drawn  oft'  in  a  pipette  and  a  hanging-drop  made 
from  it.  If  the  bacilli  are  found  actively  motile  and  unaltered  in 
form,  it  proves  that  they  were  not  the  cholera  vibrio.  If  they  are 
found  motionless  and  their  outlines  altered,  so  that  the  bacilli  are 
almost  spherical,  then  we  may  conclude  that  they  are  really  cholera 
organisms,  rendered  motionless,  as  in  Widal's  reaction — discovered 
several  years  later — for  the  sero-diagnosis  of  typhoid  fever. 

Durham-Gruber  Reaction.^ — To  ascertain  the  specific  nature  of  the 
comma  bacillus — which  has  been  isolated  and  then  shown  to  be  patho- 
genic— the  serum  of  an  animal  immunised  against  cholera,  diluted 
1  in  10,  is  mixed  with  an  emulsion  of  the  suspected  bacillus,  and 
poured  into  a  narrow  pointed  test-tube  made  by  fusing  and  drawing 
out  a  piece  of  glass  tubing.  The  mixed  culture  and  serum  is 
incubated  at  37°  C.,  for  an  hour.    If  the  comma  bacilli  are  those  of 


'  This  has  largely  replaced  the,  often,  lesd  convenient  method  of  Pfeiffer,  which, 
however,  is  still  extremely  useful  as  a  means  of  distinction  between  the  various 
vibrios  resembling  Koch's  comma  bacillus. 
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cholera,  they  will  be  found  at  the  bottom  of  the  tube,  aggregated 
together  as  a  white  deposit,  the  supernatant  fluid  being  clear;  if 
otherwise,  the  fluid  remains  turbid,  no  special  deposit  being  noticeable 
at  the  bottom.  The  Durham-Gruber  reaction  is  similarly  obtained, 
also,  in  the  case  of  B.  typhosus,  B.  coli,  Micrococcus  WIelitensis,  &c. 

A  hanging -drop,  prepared  from  the  diluted  serum  and  suspected 
culture,  should  show  the  bacilH  motionless  and  aggregated  into 
clumps,  if  true  cholera  bacilli. 

Widal's  reaction  can  be  demonstrated  by  mixing  the  diluted  blood- 
senim  of  a  patient  suffering  from  cholera  with  a  young  culture  cholera 
bacilh,  as  directed  in  the  case  of  typhoid  fever. 

The  hanging-drop  and  Wright  and  Semple's  sedimentation-tube 
methods  may  be  used  (see  pp.  185-8). 

Choleraic  dejecta. — From  the  characteristic  rice-ioater  stool,  film 
preparations  are  carefully  made  and  stained  with  carbol-fuchsin. 
If  a  large  number  of  vibrios  are  seen,  as  in  the  case  from  which  the 
specimen  (fig.  104)  was  made  in  Professor  Koch's  laboratory,  the 
diagnosis  of  cholera  is  practically  at  once  established,  as  there  is  no 
other  disease  in  man,  at  present  known,  in  which  so  many  typical 
comma  bacilli  are  found  massed  together  in  fcBcal  evacuations. 

But  in  all  cases,  cultures  from  flakes  of  the  rice-water  stool 
should  be  made,  and  tested  exactly  as  in  case  of  suspected  water. 

N.  B.  It  is  a  good  thing  to  keep  the  solidified  gelatine  plates  loith 
cover-side  doion,  when  incubated  at  20°-22°  C.,  for  the  first  night,  so 
that  the  moisture  which  soon  collects  inside  the  cover  when  kept  in 
the  natural  position  shall  not  run  down  on  to  the  medium  and  blur 
the  outline  of  the  colonies.  Subsequently  the  plates  should  be  kept 
in  the  natural  position,  top-side  up. 

To  sum  up  :  a  vibrio,  suspected  of  being  Koch's  comma  bacillus, 
must  first  be  isolated  in  pure  culture  from  colonies  which  appear 
to  bear  a  resemblance  to  those  of  the  organism  in  question. 
It  must  then  give  the  cholera-red  (indol)  test,  and  be  pathogenic 
when  inoculated  into  the  peritoneal  cavity  of  a  guinea-pig ;  and 
lastly,  when  mixed  in  proper  proportions  with  the  serum  of  an 
animal  which  has  been  immunised  against  Asiatic  cholera,  Pfeiffer's, 
or  Durham-Gruber's  test,  must  be  given  (see  p.  200). 

Unless  the  suspected  vibrio  gives  all  these  tests,  the  proof  that  it 
is  Koch's  Comma  bacillus  is  wanting. 

Varieties  of  cholera  bacilli.— It  should  here  be  mentioned  that 
the  bacilli  obtained  from  different  cholera  epidemics  vary  so  much  in 
shape  and  size  that  it  is  now  generally  believed  that  there  is  a  multi- 
phcity  of  cholera  baciUi  (Cunningham).    The  Massowah  cholera 
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bacillus  is  one  of  the  chief  varieties.  It  is  elongated,  and  very  thin ; 
but,  apparently,  a  similarly  shaped  bacillus  can  be  experimentally 
derived  from  the  short  comma-form  found  at  Angers. 

The  Durham-Gruber  reaction  is  only  obtained  when  the  organism 
{e.g.  Massowah)  is  mixed  with  the  diluted  serum  of  an  animal  immu- 
nised against  the  specific  organism  in  question  {e.g.  the  Massowah 
bacillus).  While  Koch's  comma  bacillus  has  a  single  flagellum  at  one 
end  only,  the  Massowah  and  some  other  similar  varieties  have  four 
fiagella,  two  at  each  end. 

Results  of  inoculation.— To  produce  any  effect  with  guinea-pigs, 
the  gastric  juice  must  be  rendered  sHghtly  alkaline,  or  peristalsis 
must  be  delayed  by  morphia.  Subcutaneous,  or  intravenous,  injec- 
tions, otherwise,  also  give  negative  results. 

It  has  been  shown  by  Metchnikoff  that  newly  born  rabbits  (one 
to  four  days  old)  die,  if  cholera  bacilh,  especially  when  associated 
with  other  usually  harmless  organisms  (torula,  sarcina),  are  mixed 
with  their  food,  with  typical  symptoms  (ind  post-mortem  appearances.' 
The  pathogenic  effects  of  cholera  bacilh  injections  are  due  to  a 
soluble  toxin,  which  has  recently  been  isolated. 

Of  the  numerous  other  organisms  more  or  less  resembhng  Koch's 
comma  bacillus,  the  two  vibrios  described  by  Finkler  and  Prior,  and 
by  Metchnikoff,  respectively,  deserve  careful  consideration. 

Vibrio,  or  Spirillum,  of  Finkler-Prior.— This  organism,  discovered 
by  Prior  and  Finkler,  was  one  of  the  earliest  brought  up  in  opposition 
to  Koch's  claim  to  have  discovered  the  bacillus  of  Asiatic  cholera. 
These  observers  stated  that  they  had  found  a  curved  organism,  in  the 
dejecta  from  cases  of  Cholera  Nostras,  identical  with  Koch's  comma. 
Subsequent  investigation  proved  without  doubt  that  the  vibrio  of 
Finkler  and  Prior  is  not  the  same  as  Koch's  vibrio,  nor  has  it 
since  been  found  in  a  series  of  cases  of  Cholera  Nostras.  Both  by 
the  various  reactions  and  inoculation  experiments,  it  can  readily  be 
distinguished  from  the  true  comma  bacillus. 

Cultivations. — Gelatine  stab. — After  twenty-four  hours'  incubation 
at  22°  C,  while,  in  the  case  of  the  cholera  organism,  the  growth  along 
the  track  of  the  needle  is  hardly  perceptible  except  as  a  fine  line,  in  the 
case  of  vibrio  Finkler-Prior  (fig.  97,  c)  there  is  a  distinct  growth  with 
liquefaction  in  the  upper  part  of  the  track,  and  an  air-bubble  has  already 
appeared,  owing  to  the  evaporation  which  has  occurred  from  the  lique- 
fied gelatine.  In  forty-eight  hours,  this  distinction  is  still  more  marked, 
the  gelatine  being  rapidly  liquefied  in  the  upper  part  of  the  tube,  the 


■  Outlines  of  Bacteriology,  Thoinot  and  ijasselin,  edited  by  Symmers,  p.  220. 
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liquefaction  extending  downwards  in  the  shape  of  a  cone  with  its  base 
upwards,  the  point  of  the  cone  being  indicated  by  a  fiocculent  opaque 
white  growth.  This  point  subsequently  widens  out  (fig.  99),  and  may 
be  bent  to  form,  as  it  were,  a  foot-piece,  which  is  set  at  an  angle  to 
the  rest  of  the  conical  down-growth ;  so  that  the  appearance  presented, 
by  the  third  or  fourth  day,  has  been  compared  with  that  of  a  '  stocking- 
foot."    (This,  however,  is  not  shown  in  the  figure.) 

Gelatine  plates.— In  from  twenty  to  twenty-four  hours,  the  colonies 
(fig.  100,  c)  have  developed  to  about  twice  the  size  of  those  seen  in  the 
case  of  cholera  organism,  with  considerable  liquefaction  of  the  gelatine. 
Further,  the  colonies,  under  a  low  power  of  the  microscope,  appear 
darker,  more  granular,  and  more  distinctly  circular,  the  somewhat  lobu- 
lated  appearance  and  crenated  margin,  noticed  in  the  case  of  cholera, 
being,  as  a  rule,  less  evident.  After  forty-eight  hours,  hquefaction  is 
very  marked,  the  white  colonies  floating  in  clear  hquefied  gelatine, 
which  is  hmited  by  a  sharp,  circular  outline,  the  whole  colony  being 
somewhat  sunken  in  the  surrounding  gelatine,  owing  to  the  evapora- 
tion which  has  occurred  after  liquefaction. 

The  appearance  presented  by  the  plate  colonies,  when  seen  under 
the  microscope,  on  the  third  day,  serves  to  distinguish  this  vibrio 
from  that  of  cholera  (c/.  fig.  102,  A,  and  c)  at  the  same  stage,  the 
central  mass  of  the  colony  is  very  much  more  ragged,  branches  spread- 
ing very  irregularly  into  the  surrounding  liquefying  gelatine.  The 
double  contour  effect  produced  in  the  case  of  cholera  colonies  is  less 
marked,  as  a  larger,  clearer  area  results  from  the  more  rapid  hque- 
faction which  occurs  in  the  case  of  the  vibrio  Finkler-Prior. 

Agar-agar. — The  growth  consists  of  moist,  greyish-white,  or 
yellowish-white  colonies,  not  to  be  distinguished  from  those  of  cholera. 

Potato. — The  growth,  even  at  the  temperature  of  the  room,  is 
abundant,  and  of  a  darker  yellow  colour  than  in  the  case  of  cholera. 

No  indol  reaction  can,  as  a  rule,  be  obtained  on  the  addition  of 
nitrite  of  sodium  and  concentrated  sulphuric  acid.  A  slight  reaction, 
however,  may  be  given  after  three  or  four  days,  in  the  case  of  old  stock 
cultures. 

Inoculation  experiments.— As  in  the  case  of  cholera,  negative 
results  have  followed  injections  subcutaneously,  and  intravenously, 
and  feeding  with  the  cultures.  If,  however,  the  acidity  of  the  gastric 
juice  be  counteracted  by  a  weak  solution  of  sodium  carbonate  (e.g.  for 
a  guinea-pig  of  medium  weight,  5  c.c.  of  a  5  p.c.  solution  thereof), 
especially  if  peristalsis  of  the  alimentary  canal  is  checked  by  a 
hypodermic  injection  of  tincture  of  opium,  death  occurs  in  less  than 
forty-eight  hours,  in  about  a  third  of  the  animals  so  treated. 
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Under  the  microscope,  the  organism  appears  (fig.  105)  as  a  comma- 
shaped  bacillus,  m  young  cultures  hardly  distinguirhable  from  those  of 
cholera  It  is,  however,  slightly  thicker  in  the  middle  than  at  the 
extremities  ;  and  eventually  it  becomes  distinctly  longer  than  Koch's 
vibrio.  Two  vibrios  are  frequently  joined  end  to  end,  their  concavities 
pointing  m  the  same  direction.  They  may  point  in  opposite  direc- 
tions or  a  third  may  be  added  so  as  to  form  a  spirillum  of  consider- 
able length.  In  covershp  preparations,  the  bacilli,  interlaced  with 
one  another,  may  sometimes  be  seen  much  curved  and  arranged  con- 
centrically, forming  a  series  of  horseshoe-shaped  filaments 

Impressio7i  preparations  of  colonies  on  gelatine  plates  (fig  105) 
enable  one  to  obtain  healthy  organisms  when  streak  cultures,  made 
on  agar  &c.  m  the  ordinary  way,  may  have  produced  only  involution 
forms,  degeneration  occurring  very  readily  in  the  case  of  all  these 
vibrios,  Koch's  comma  bacillus,  V.  Mnkler-Prior  and  V.  Metchnikovi. 

Further,  the  organisms  in  the 
case  of  vibrio  Finkler-Prior  do 
not  appear  to  be  so  regularly 
arranged,  hke  a  school  of  fish 
swimming  up  stream,  as  in  the 
typical  colonies  of  cholera  bacilli. 

In  a  hanging -drop,  the  motility 
is  well  marked  and  is  associated 
with  the  presence  of  a  single 
flagellum,  which  may  be  demon- 
strated by  means  of  Van  Ermen- 
ghem's,  or  other  special  methods 
of  staining  them. 

Vibrio  Metclinikovi. — This  or- 
ganism was  discovered  in  large 
numbers  in  the  intestinal  contents 
of  fowls,  noticed  to  be  dying  of  gastro-enteritis,  in  the  Odessa 
markets.  It  perhaps  more  closely  resembles  Koch's  comma  bacillus 
than  the  vibrio  Pinkler-Prior.  It  can,  however,  be  fairly  easily  distin- 
guished from  the  organism  producing  cholera. 

Cultivations. — Gelatine  stab. — As  will  be  seen  on  comparing  the 
series  of  plates  (figs.  97-99),  the  growth  of  the  vibrio  Metchnikovi 
appears  more  rapidly  along  the  track  of  the  needle,  and  at  the  same 
time,  liquefies  the  gelatine  at  a  far  greater  rate  than  is  the  case  with 
the  true  cholera  vibrio.  Comparing  the  three  organisms,  the  vibrio 
Finkler-Prior  liquefies  the  most  rapidly,  Koch's  comma  bacillus  the 
least  rapidly,  and  the  vibrio  Metchnikovi  is  intermediate  in  this  respect. 


Pig.  105.- 


-VIBRIO  FINKLEH-PBIOR 
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Gelatine  plate,  three  days  old.  Impressiou 
preparation. 
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After  four  or  five  days,  liquefaction  proceeds  so  rapidly  in  the  stab 
culture  of  the  vibrio  Metchnikovi  as  to  destroy  its  characteristic 
appearance. 

Gelatine  plates. — The  differences  between  the  colonies  of  the 
cholera  vibrio  and  those  of  the  vibrios  of  Pinkler-Prior  and  Metchni- 
koff  respectively,  are  well  demonstrated  by  contrasting  the  appearances 
seen  in  figs.  100-102.  There  appear  to  be,  broadly  speaking,  two 
types  of  colonies  in  the  case  of  V.  Metchnikovi,  one  having  crenated 
edges  and  a  lobulated  appearance,  not  unlike  those  of  Koch's  comma, 
the  other  type,  after  forty-eight  hours,  more  closely  resembling  those 
of  the  V.  Pinkler-Prior,  having  a  dark  centre  spreading  out  by  ragged 
edges  into  the  cup-shaped  disc  of  liquefying  gelatine.  The  periphery 
of  such  colonies  can,  by  careful  focussing,  be  frequently  seen  to  be 
finely  striated. 

Agar-agar. — The  growth  appears  rapidly,  is  raised  and  moist, 
and  of  a  greyish-white,  or  yellowish-white  tint,  similar  to  that  noticed 
in  the  two  last-mentioned  organisms. 

Potato. — The  growth  is  raised,  moist  and  of  a  dirty  brownish 
colour,  not  unhke  that  of  the  B.  coli,  but  not  spreading  so  rapidly 
as  it  over  the  surface  of  the  medium.  This  contrasts  markedly  with 
the  hardly  visible  growths  in  the  case  of  the  cholera  vibrio,  and  the 
hghter  tint  seen  in  the  case  of  V.  Finkler-Prior. 

Nutrient  broth,  and  peptone-ivatar. — Turbidity  is  marked  after 
twenty-four  hours.  In  the  case  of  the  broth,  a  thin  scum  is 
eventually  produced.  In  the  peptone-water  (as  well  as  in  the  broth, 
which  contains  peptone)  the  indol  reaction  can  be  obtained  on  the  addi- 
tion of  five  or  six  drops  of  concentrated  sulphuric  acid  alone,  without 
the  use  of  nitrites,  which  are  formed  with  the  indol  by  the  organism. 
The  red  colour  which  appears  on  doing  the  indol  reaction  is  often 
much  deeper  in  the  case  of  V.  Metchnikovi  than  in  the  case  of  Koch's 
comma  bacillus. 

Inoculation  experiments.— Fowls  and  guinea-pigs,  when  injected 
subcutaneously  with  this  organism,  rapidly  die  from  gastro-enteritis, 
with  profuse  diarrhoea.  Death  occurs  in  from  twenty  to  twenty-four 
hours,  apparently  from  an  acute  septicaemic  condition.  At  the  post- 
mortem examination,  necrosis  is  seen  locaUy  at  the  seat  of  inocula- 
tion ;  and  there  is  oedema  of  the  tissues  in  the  neighbourhood,  where 
the  vibrios  swarm.  Great  congestion  of  the  entire  length  of  the  ahmen- 
tary  canal  is  found,  the  intestinal  contents  consisting  largely  of 
blood-stained  yellowish  fluid.  Pigeons,  inoculated  intramuscularly 
with  this  material,  die  in  from  eight  to  twenty  hours,  the  muscle 
fibres  being  found  necrosed.    There  are  also  marked  swelling  and 
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oedema  of  the  muscular  tissue.  Large  numbers  of  vibrios  are  found 
ni  the  inoculated  muscles,  the  blood,  and  the  viscera,  as  happens  in 
the  case  of  guinea-pigs  (Abbott). 

Under  the  microscope,  the  bacilli  are  seen  to  be  comma-shaped 
organisms  (fig.  106),  which— especially  in  the  early  stages  of  their 
growth— are  hardly  to  be  distinguished  from  true  cholera  vibrios. 
They  may  be  shorter  ;  on  the  other  hand,  they  may  be  much  longer 
than  the  cholera  bacilli,  and  they  are  generally  thicker,  both  in  the 
centre,  and  at  the  poles,  than  is  the  case  with  Koch's  comma  bacillus. 

In  a  hanging-drop,  the  vibrios  are  seen  to  be  motile,  and  a  single 
flagellum  can  be  demonstrated  by  the  usual  methods. 

A  large  number" of  vibrios,  or 
spirilla  forms — such  as  that  of 
Deneke,  found  in  cheese  (Spi- 
rillum  tyrogenum),  and  Miller's 
spirilhivi,  found  in  carious  teeth — 
more  or  less  resembling  the 
organism  of  cholera,  have  been 
isolated,  and  of  late  years  much 
attention  has  been  paid  to  this 
subject  by  Sanarelli ;  but  the  two 
which  have  been  referred  to 
in  detail,  V.  Finkler-Prior  and 
V.  Metchnikovi,  are  perhaps  the 
most  important  for  students  to'be 
familiar  with.  What  has  been 
said  of  them  will  serve  to  in- 
dicate the  mode  by  which  other  pseudo-cholera  bacilh  may  >  be 
distinguished  from  the  true  organism. 


Fig.  106. 


VIBEIO  METCHNIKOVI.      X  530 

Impression 


Gelatine  plate,  three  days  old 
preparation. 


LESSON  XIX. 

ACTINOMYCOSIS — MADURA  DISEASE,  OK  MYCETOMA — MOUSE 
SEPTICEMIA — INFLUENZA — BUBONIC  PLAGUE — YELLOW-FEVER 

A.  Actinomyces 

B.  Streptothrix  madurse 

C.  Bacillus  of  mouse  septicaemia 

D.  Influenza  bacillus 

E.  Bacillus  of  bubonic  plague 


iOOL  Of  M.POICIhn 

A.  Actinomyces 

I.  Cidtivations  on  (i)  Glycerine  agar. 

(ii)  Potato. 

II.  Stain  covcrsli-ps  a.  Gulktrcs  (i)  with  carbol-fuchsin. 

(ii)  by  Gram's  method, 
/j.  Pus,  from  a  recent  case  of  the  disease ;  use 

the  Gram-Eosin  method. 
y.  Paraf&n  sections  of  actinomycosis  in  the 
tissues — e.g.  cow's  tongue. 

The  tissue  may  be  stained  in  bulk  with  carmine,  and  the  organism 
then  counterstained  by  the  Gram-Weigert  method ;  or,  if  not  stained 
in  bulk,  the  Gram-Eosin,  or  Eosin-Gram-Weigert,  or  Carmine-Gram- 
Weigert  methods  may  be  used. 

B.  Streptothrix  madurse 

Cultivations,  film  preiMrations,  and  sections  of  diseased  tissue  may 
be  treated  as  in  the  case  of  A.,  if  the  material  is  available. 

C.  Bacillus  of  mouse  septicaemia 

I.  Cultivations  :  (i)  Gelatine  stab. 

(ii)  Gelatine  streak, 
(iii)  Glycerine  agar  streak. 
II.  Stain  film  preparations  of  culttbres  (i)  with  carbol-fuchsin. 

(ii)  by  Gram's  method. 

D.  Influenza  bacillus 

I.  Cviltivation.     Make  an  emulsion  of  sputum  with  nutrient 

broth,  from  a  case  cf  influenza.     (Eefer  to  p.  218.)    Inoculate  a 

previously  prepared,  glycerine  agar  plate  streaked  with  fresh  blood, 

and  shown  to  be  sterile  after  incubation  at  37°  C.^ 

II.  Stain  films  of  influenza  sputum,  )     .,,       i  i  <■    i  • 
,  '  \  with  carbol-fuchsin. 

or  01  culture,  J 

E.  Plague  bacillus 

I.  Stain  film  preparations  of  a  sterilised  culture  : 

(i)  With  anilin-gentian  violet,  or  carbol-fuchsin ; 

(ii)  By  Gram's  method  {the  organism  is  decolorised). 

II.  Stain  sections  of  organs  from  an  animal  affected  by  the  disease. 
The  method  recommended  by  Hewlett  for  glanders  bacilli  in 
tissues  (p.  164)  may  be  adopted. 

'  For  other  methods  of  making  blood  glycerine-agar  plates,  see  pp.  125-126. 
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Actinomycosis  is  a  disease  affectiAg  cattle,  especially  cows 
Among  other  animals  commonly  affected  may  be  mentioned  the 
pig  and  the  horse  ;  and,  comparatively  recently,  careful  clinical  obser- 
vations have  shown  that  the  disease  is  not  at  all  uncommon  in 
man,  especially  among  those  whose  occupation  brings  them  much 
into  contact  with  straw— farmers,  grooms,  &c.  But  it  also  occurs 
amongst  other  people  not  obviously  so  associated  with  straw. 

In  coivs,  the  tongue  is  frequently  affected ;  and  when  cut,  a  grating 
sensation  is  perceived,  owing  to  the  induration  produced  by  the  disease, 
which  is  appropriately  known  as  '  wooden  tongue.'  When  occurring 
in  the  jaw— another  common  site  of  the  lesion— it  has  been  termed 
'osteo-sarcoma,'  or  'bony  sarcoma;'  when  seen  in  the  roof  of  the 
mouth  it  has  been  called  a  malignant  tumour  of  the  palate.  But  the 
disease  is  not  confined  to  the  jaws  and  tongue :  it  may  also  affect 
the  pharynx,  or  the  skin  and  subcutaneous  tissues  of  any  part  of  the 
body,  as  also  the  region  of  the  appendix. 

In  the  pig,  similar  regions  may  be  affected,  but  the  disease  in  this 
animal  appears  to  be  associated  most  frequently  with  abscesses 
forming  running  sores  in  the  milk  gland  (Sims  Woodhead).  The 
lungs  and  the  pleura,  the  bones  of  the  vertebral  column,  and  else- 
where, especially  if  containing  expanded  air  cells,  are  also  sometimes 
affected  in  this  animal,  as  is  very  frequently  the  case  also  in  man. 

In  horses,  the  disease  is  rarer  than  in  cows,  and  produces  the 
condition  known  as  '  scirrhus  cord.'  Earely  the  tongue  is  affected. 
The  gravity  of  this  affection  makes  an  early  recognition  of  it,  in 
animals  and  man,  all  important. 

The  disease  assumes  two  main  types,  of  which  the  '  wooden 
tongue '  in  cows  and  the  '  cold  abscess  '  condition  commonly  seen  in 
man  are  examples.  If  the  diseased  tongue  of  a  cow  be  seen  in 
section,  it  is  observed  to  be  studded  with  minute,  yellowish-white 
points,  or  nodules,  situated  in  the  sub-epithelial,  or  muscular  layers. 
From  a  pathological  point  of  view,  apart  from  the  fungus  to  be 
described,  the  indurated  mass  produced  is  essentially  a  granuloma, 
consisting  of  a  mass  of  round  cells,  enclosed  in  a  fibrous,  more  or  less 
well  defined,  capsule.  The  nodules,  in  cows,  are  said  never  to  break 
down  into  pus.  In  man,  on  the  contrary,  the  disease  most  often  pro- 
duces abscesses  of  the  superficial  or  deep  parts,  of  which  the  parasitic 
origin  may  be  readily  overlooked,  and  thus  the  pus  should,  in  all 
suspicious  cases,  be  carefully  examined.  In  the  human  subject,  the 
disease  may  affect  the  jaw  and  produce  chronic  sinuses,  leading  down 
to  the  bone,  from  which  pus,  containing  characteristic  yellow  bodies, 
may  escape  in  the  discharge. 
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Sinuses  may  be  met  with  in  connection  with  the  ribs  and  other 
bones,  and  where  they  are  in  the  region  of  the  thorax,  they  not  un- 
commonly indicate  the  existence  of  mischief  in  the  lungs,  and  neigh- 
bouring organs.  Thus,  in  a  case  at  University  College  Hospital,  in 
1896,  the  disease  affected  almost  the  whole  of  the  right  lung  and  ex- 
tended through  the  diaphragm  into  the  hver,  which  in  section  showed 
a  very  honeycombed  appearance  throughout.^  It  may  also  extend 
from  the  thorax  into  the  anterior  abdominal  wall,  to  form  a  fluctuating, 
rounded  sweUing,  very  easily  mistaken  for  a  '  cold  abscess.' 

The  skin  immediately  surrounding  such  sinuses  is  of  a  dull  leaden, 
or  purphsh  tint ;  and  from  cloaca-hke  openings  with  protuberant  lips, 
composed  of  granulation  tissue,  pus  escapes  containing  characteristic, 
opaque,  lemon-yellow  bodies.  These  are  often  not  larger  than  a 
small  pin's  head ;  they  are  circular,  or  sHghtly  oval.  When  placed 
on  a  slide  and  pressed  flat  with  a  covershp,  they  may  be  examined 
with  the  microscope  unstained.  The  periphery  of  the  mass  is  seen  to 
be  made  up  of  a  more  or  less  radiating  fringe  of  club-like  processes. 
Hence  the  name  '  actino-myces,'  lit.  '  ray-fungus  '  (c/.  fig.  111). 
These  clubs  appear  to  be  arranged  layer  upon  layer,  as  seen  by  re- 
peatedly altering  the  focus,  while  examining  this  flattened-out  mass  ; 
and  in  the  centre,  the  elongated  clubs  appear  to  be  replaced  by  smaller 
rounded  cells,  which  are  really  pointed  tips  of  other  clubs  seen  in 
optical  section.  In  many  parts  of  the  field,  single  clubs  are  seen, 
freely  scattered  about. 

Cultivations. — The  two  best  media  for  the  growth  of  the  actino- 
mycosis fungus  are  glycerine-agar  and  potato. 

Glycerine-agar  streak. — After  a  few  days  at  37°  C,  small,  discrete, 
glistening  white  colonies  appear,  and  by  their  multiplication  they 
become  heaped  up,  but  do  not  really  coalesce  (fig.  107,  a).  In  the  course 
of  a  week  or  so,  the  tint  becomes  yellowish  or  light  brown,  and  subse- 
quently the  whole  culture  becomes  of  a  dirty  greenish -brown  colour. 
Some  cultures  remain  with  the  colonies  in  this  discrete  condition 
for.  many  months.  Very  frequently,  however,  the  condition  just 
mentioned  is  replaced  by  a  lichen-hke  growth  of  a  yellowish,  greenish- 
white,  or  ash-grey  tint  (fig.  107,  c). 

Another  type  of  culture  commonly  seen  on  agar  (fig.  107,  b)  is 
almost  circular  in  outline  and  considerably  raised  above  the  surface, 
so  as  to  produce  a  very  irregular  cone,  or  limpet-shell,  appearance.  It 
is  of  greenish-brown'  tint. 

Pototo,— The  growth  is  of  a  yellowish  or  greenish-brown  colour, 

'  An  almost  identical  condition  is  figured  on  p.  417  of  Crookshank's 
Bacteriology. 
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which  turns  to  an  ash-grey  tint  as  the  size  of  the  colony  in- 
creases. The  growth  soon  becomes  exuberant,  so  that  it  forms  -i 
mass  almost  as  big  as,  if  not  bigger  than,  the  half  cyclinder  of  potato 

A  B  n 


Fig.  107. — actinomycosis 


Olycoriue-agar  cultures.  A,  discvete  roundeil  colonies,  after  about  ten  days'  iiioubntion  at 
37°  C.  B,  llmpet-slmped  coloiiies,  three  and  a  lialf  mouths  old.  C,  licliou-like  appeai-ancc 
freiiueiitly  seen  ;  the  gi'owth  is  three  and  a  half  mouths  old. 
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on  which  it  has  been  inoculated.  The  potato,  itself,  acquires  a 
darker  tint.  It  is  not  always  easy,  however,  to  grow  the  organism 
on  potato,  doubtless  owing  to  the  varying  conditions  of  acidity,  &c., 
in  different  kinds  of  potato. 

Bread  paste  has  been  recommended  as  a  favourable  medium 
is  prepared  by  drying  bread,  freed  from  its  crust,  at  a  high  tempera- 
ture ;  it  is  then  broken  up  into  a  fine  powder  in  a  mortar,  or  it  is 
passed  through  a  fine  sieve.  After  placing  it  in  a  sterile  flask,  it  is 
made  up  into  a  paste  by  mixing  with  it  water,  in  the  proportion  of 
one  of  water  to  four  of  powder.  The  flask  with  its  contents  is  then 
steriHsed  in  the  usual  way  for  three  successive  days  in  a  steamer,  for 
twenty  to  thirty  minutes. 

Gelatine  has  been  used,  the  growth  consisting  of  '  small,  discoid, 
whitish  colonies,  that  soon  liqu.efy  the  medium  and  subside  into  the 
clear  fluid,  as  spheroidal  grains  which  retain  the  same  white  colour ' 
(Shattock).^  _  The  Streptothrix  Machcrm  does  not  liquefy  gelatine. 

Blood-sermn. — A  growth  occurs,  thus  again  differing,  be  it  noted, 
from  the  organism  of  Madura  foot,  otherwise  so  similar,  which  will 
not  gi'ow  on  this  medium. 

Uader  the  microscope,  the  organism,  best  stained  by  Gram's 
method,  is  seen,  in  young  cultures,  to  consist  of  rounded,  cocci-like 
bodies,  in  the  midst  of  which 
bacilli,  varying  in  length  from 
short  rods  to  long  threads,  appear. 
With  the  increase  in  age  of  the 
culture,  these  threads  branch  out, 
and  frequently  themselves  appear 
to  stain  irregularly,  so  that  they 
look  as  if  made  up  of  a  line  of 
minute  cocci  (fig.  108).  The  free 
extremities  of  the  branches  fre- 
quenily  appear  thickened  and  club- 
like, especially  in  old  cultures,  and 
in  pus  (fig.  109).  This  condition 
of  clubbed  extremities  tends  to 
confirm  Bostrom's  view  that  the 
clubs  which  form  the  extremities  of 
the  radiating  processes,  making 
up  the  typical  '  ray-fungus  '  in  sections  of  the  diseased  tissiies,  are 
really  nothing  but  degenerations  in  the  sheath  of  the  fungus,  and  that, 
therefore,  they  are  not  really  indications  of  spore  formation. 
'  Trans.  Path.  Soc.  1890,  p.  381. 
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Fig.  108. — Actinomyces,     x  530 

Pure  culture  on  glycerine  agar,  twenty-five  clays 
olil.  Note  the  branching  of  the  filaments, 
many  of  which  are  clubbed  at  their  extremi- 
ties. The  very  giuuular  appearance  of  the 
filaments  is  commonly  seen  in  old  cultures. 
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Bostrom,  quoted  by  Sims  Woodhead,"  has  further  shown  that  from 
the  club-hke  extremities  of  the  fungus  no  growth  on  ox-blood  serum 
and  agar-agar  results,  though  the  filaments  forming  the  mycehum 
proper  in  the  central  part  of  the  ray-fungus  can  be  grown  on  this  mix- 
ture.   The  growth,  on  the  medium  referred  to,  first  appears  as  fine 

granules,  which  subsequently  de- 
velop into  small,  yellowish-red 
nodules,  from  which  fine  branch- 
ing processes  spread  out.  Later, 
by  about  eight  days,  the  yellowish 
masses  have  run  together  and  are 
covered  with  a  delicate  fluffy 
white  layer. 

Pus. — Besides  the  opaque 
yellowish  particles,  already  de- 
scribed as  occurring  in  pus  from 
cases  of  actinomycosis,  felted 
mycelial  filaments  may  often  be 
seen  microscopically,  even  if  there 
are  no  opacities  evident  to  the 
eye.     The  filaments  resemble, 


Fig.  109. — pus  feom  a  case  of 
actinomtcosis.     x  530 

Tlie  mycelial  filaments  .ire  readily  ilemoiistrated 
by  staiuiug  the  pus  by  the  Gram-Eosia  method. 


Fig.   110.  ACTINOMYCOSIS  AFFECTING 

THE  LIVER  OF  A  COW.       X  50 


Fig.    111. — ACTINOMYCOSIS  affecting 

THE  LIVEE  OF  A    COW  ONE   OF  THE 

FUNGI  SHOWN  IN  FIG.  110.      X  530 


in  general  appearance,  a  pure  culture  (c/.  figs.  108  and  109).  Dense 
masses  of  mycelium,  with  branched,  and  sometimes  sUghtly  clubbed, 
extremities,  can  be  easily  rendered  visible  on  staining  the  pus  by  the 
Gram-Eosin  method. 

Sections  of  diseased  tissues. — In  the  indurated  masses,  such  as 

'  Treves's  System  of  Surgery,  vol.  i.  p.  50. 
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are  found  in  the  tongue  of  the  cow,  or  in  the  liver  of  the  same  animal 
(see  figs.  110,  111),  a  characteristic  ray-like  appearance  is  presented. 
The  mass  is  irregularly  circular,  the  centre  is  often  obscure  ;  but  on 
carefxil  fixing  and  staining  by  special  methods,  it  may  sometimes  be 
seen  to  be  made  up  of  a  fine  mycelium.  The  periphery  consists  of 
a  series  of  elongated  processes  set  side  by  side  like  a  pahsade,  the 
outer  extremity  of  each  process  forming  an  elongated  oval,  slightly 
pointed  at  its  tip,  and  being  thus  somewhat  club-shaped.  It 
should  be  stated  that  in  man  the  clubs  are  frequently  absent^  in 
actinomycosis,  and  also— in  exceptional  cases— in  cows,  the  organism 
in  the  two  cases  having  been  shown,  however,  to  be  identical,  the  forms 
being  interchangeable.  This  is  an  important  point,  and  much  em- 
phasised by  Rhattock  in  a  criticism  of  a  valuable  paper  on  the 
Strcptothrix  fcZzM-te,  by  Vincent, ^  who  stated  therein  that  the  micro- 
organism of  Madura  foot,  when  examined  in  the  natural  condition, 
has  no  clubs,  and  so  differs  from  actinomyces.  As  a  matter  of  fact, 
they  are  not  invariably  absent  from  Madura  streptothrix,  being 
figured  by  Kanthack  ^  and  Hewlett.^ 

Around  the  fungus  there  is  a  collection  of  young  cells,  enclosed  in 
a  fibrous  capsule,  more  or  less  defined.  The  central  part  of  such 
nodule  is  often  soft,  and  minute  points  of  caseation  are  not  uncommon. 

In  the  human  subject,  although  the  ray-fungus  can  very  readily 
be  shown  in  the  pus,  in  the  tissues,  on  the  contrary — e.g.  from  the 
liver — when  broken  down  into  a  honeycomb-like  mass,  as  described 
above,  the  greatest  difficulty  may  be  experienced  in  demonstrating  the 
fungus  in  sitiL. 

Results  of  inoculation. — Intraperitoneal  inoculation  of  cultures  in 
the  case  of  the  rabbit,  and  injection  subcutaneously  in  the  case  of 
calves,  have  succeeded.  Frequently,  however,  a  negative  result  follows. 

Madura  Foot,  or  Mycetoma 

Streptotlirix  Madurse. — Madura  disease,  Madura  foot,  or  Mycetoma, 
was  formerly  thought  to  be  confined  to  India,  but  is  now  known  to 
exist  in  Italy,  Morocco,  Algiers,  and  America.  The  disease,  according 
to  Vincent,*'  begins  as  adilfuse  swelling  of  the  integuments  of  the  foot, 
rarely  of  the  hand.  Small  tumours  are  formed,  and  the  pus  escaping 
from  fistulous  openings  contains  yellowish  rounded  bodies,  about  the 
size  of  a  grain  of  semolina.    They  are  insoluble  in  potash  and  acetic 

'  Ann.  de  VInstit.  Pasteur,  1894.  2  jo^trn.  Pathol.  1892. 

=  Trans.  Path.  Soc.  Loud.  1893. 

'  Loc.  cit.,  quoted  by  Seligmann  (Trans.  Path.  Soc.  Loud.  1896),  whose  paper 
I  have  follovvecl  in  the  present  account. 
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acid  and  consist  of  streptothrix  filaments,  forming  a  fine  densel>- 
interlacing  mycelium-the  Streptothrix  Madura:,  the  peripheral 
filaments  of  which  give  off"  lateral  offshoots,  as  in  the  case  of 
actinomyces. 

_  Besides  this  'pale  or  ochroid  variety,'  which  has  been  compared 
with  fish  roe,  there  is  another  '  black  variety,'  consisting  of  a  dark 
granular  substance,  which  has  been  likened  to  coarse  gunpowder 
(Makins).' 

A  great  difference  of  opinion  has  arisen  as  to  the  nature  of  these 
two  varieties,  Kanthack  beUeving,  at  one  time,  that  both  were  forms  of 
actinomyces,  the  relation  between  the  two  being  indicated  by  inter- 
mediate, degenerate,  yeUowish-black  bodies.  Boyce  and  Surveyor 
seem,  however,  to  have  estabhshed  the  fact  that  the  two  varieties  are 
quite  distinct,  '  the  yellow  masses  being  for  the  most  part  composed 
of  caseating  material,  in  which  the  fungus,  possessing  some  of  the 
characteristics  of  actinomyces,  is  to  be  found,  while  the  black  masses 
are  somewhat  more  highly  organised  and  have  larger  branching  fila- 
ments.' Both  fungi  are  believed  to  be  pathogenic,  but  are  considered 
to  be  distinct  from  one  another.  The  extremely  close  resemblance 
between  the  organisms  of  Madura  foot  and  actinomycosis  is  very 
evident,  and,  according  to  Shattock,  their  primary  source  may  prove 
eventually  to  be  identical. 

Inoculation  experiments  on  rabbits,  guinea-pigs,  cats,  and  mice 
have  uniformly  failed  (Vincent). 

Cultivations.— iVwiSrieJii  broth  may  be  used,  but  the  growth  is 
sparse,  slowly  forming  flocculent  zoogloea  masses,  as  also  in  the  case 
of  hay  infusion. 

Hay-,  or  jpotato-,  infusion  kept  at  37°  C.  appears  ^  to  be  the  best 
medium.  Greyish  flocculent  zooglcEa  masses,  sticking  to  the  glass, 
appear  about  the  fourth  or  fifth  day.  In  three  weeks  they  are  as 
large  as  a  pea,  and  may  have  a  brownish  centre.  In  a  month  or  two, 
colonies  near  the  centre  become  pink  or  red ;  a  mass  of  whitish 
spores  may  form  a  sort  of  scum  on  the  free  surface  of  the  liquid. 
In  the  case  of  actinomyces,  it  may  be  stated,  no  growth  occurs. 

Gelatine,  to  tohich.  have  been  added  glucose  and  glycerine,  gives  rise 
to  abundant,  convex,  yellow  colonies,  with  glazed  surface.  They  may 
then  become  dark  red,  the  white  centre  becomes  depressed,  this  umbili- 
cation  of  the  hemispherical  colonies  contrasting  with  the  \rankled 
surface  of  actinomyces.  (Shattock,  in  criticising  this  last  statement  of 
Vincent,  says  that  the  umbilication  is  not  confined  to  the  Streptothrix 
Maduras,  but  is  often  seen  in  the  case  of  actinomyces  grown  on 
'  Treves's  System  of  Surgery,  vol.  i.  p.  338.         -  Seligmann,  loc.  cit. 
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gi^ape  sugar.)    There  is  no  liquefaction  of  the  gelatine,  as  occurs  in 

the  case  of  actinomyces. 

Glycerine  agar.-Gro^yth  occurs  slowly  at  37^  C,  and  is  white  or 

unpigmented. 

Potato.— The  growth  is  red,  dark  red,  or  maroon  colour,  the  potato 
itself  not  darkening  in  colour.  In  actinomyces,  on  the  contrary,  the 
growth  is  dark  ash-grey,  or  yellowish-white  i.n  colour,  and  very  much 
raised,  the  potato  itself  becoming  darker  in  tint. 

Under  the  microscope,  streptothrix  filaments,  closely  resembling 
those  of  actinomyces,  are  seen ;  and,  though  clubs  were  absent  in 
Vincent's  cases,  they  have  been  seen  by  other  observers,  Kanthack,^ 
Hewlett,^  &c.  Bent  filaments,  probably  involution  forms,  with  irregular 
thickenings,  and  lacunae  in  the  protoplasm,  are  mentioned  by  Vincent. 

The  Bacillus  of  Mouse  Septicaemia 
Mouse  septicsemia.— This  condition  often  results  from  the  in- 
oculation of  house  mice  with  a  small  quantity  of  putrescent  material. 
The  animal  becomes  obviously  ill,  and  refuses  to  move  about.  It 
remains  quite  passive,  and  a  gummy  discharge,  as  the  result  of  con- 
junctivitis, may  seal  up  the  eyehds  (Crookshank).  Death  occurs 
in  two  or  three  days.  Babbits  and  swine  are  also  very  susceptible. 
Field  mice  are  insasceptible.  At  the  point  of  injection  there  is,  in 
the  case  of  mice,  often  an  oedematous  swelling,  the  spleen  is  enlarged, 
and  in  the  tissues,  especially  in  the  capillaries,  a  minute  organism  1  /t 
in  length,  called  the  Bacillus  muriseioticibs,  discovered  by  Koch,  is  seen 
in  large  numbers. 

It  is  believed  to-be  identical  with  the  organism  of  Swine  Ery- 
sipelas, which,  in  turn,  some  have  suggested  as  probably  being  identical 
with  the  organism  associated  with  Membranous  Colitis  in  man . 

Inoculation  with,  a  pure  culture,  in  the  case  of  house  mice,  pro- 
duces similar  effects  to  those  just  described.  In  sections  of  the  lung, 
spleen,  &c.,  the  capillaries  are  seen  crowded  with  bacilli,  which  are 
found  in  the  leucocytes  in  such  numbers  as  to  give  the  white 
corpuscles  a  very  characteristic,  and  highly  granular  appearance. 
Guinea-pigs  and  rabbits  inoculated  subcutaneously  in  the  same  way 
show  only  a  slight  local  reaction  (oedema,  &c.).  When  the  culture 
is  rubbed  into  the  conjunctiva,  however,  conjunctivitis  with  charac- 
teristic gummy  discharge  sealing  the  eyelids,  results,  according  to 
Crookshank. 

Cultivation. — Gelatine  stab. — A  very  delicate,  brush-like,  growth 
appears,  spreading  out  in  all  directions  from  the  track  of  the  needle 
'  Journ.  of  Path.  October  1892  ^  Trans.  lath.  Soc.  Lond.  1893. 
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(fig.  112).  No  liquefaction  of  the  gelatine  occurs,  unless  it  is  very 
alkaline,  when  it  sometimes  results  (Woodhead) 

Gelatine  streak.-The  growth  consists  of  minute,  slightlv  raised 
colonies,  many  of  them  being  hardly  visible  at  firsi,  except  whet 

by  transmitted  light.  They  are  seen 
then  more  perceptible,  but  never 
become  very  distinct. 

Agar-agar  streak.—The  growth  is 
similar  to  that  seen  on  gelatine,  the 
surface  being  powdered  over  with 
minute,  hardly  perceptible  colonies, 
often  no  larger  than  a  pin-point. 

Onder  the  microscope,  the  l^acilh 
of  mouse  septicaemia  (said  to  be  the 


Fig.  113. —bacillus  mdbisepticus 

(mouse  SEPTICi^:MIA).      X  630 
Pure  culture. 


m 


Fig.  112. —  bacillu.s  mueisepticus 

(mouse  SEPTIC/TJMIa) 
(ielatine-stn  b  culture,  twelve  dnys  old. 


shortest  of  all  bacilli  except  that  of 
influenza)  are  seen  to  be  arranged 
singly,  frequently  in  pairs,  and  some- 
times in  threads,  in  which,  however, 
the  divisions  are  usually  readily  made 
out  on  focussing.  The  individual 
bacilli  are  minute  rods  with  rounded 
ends,  1  /z  long  and  ^  to  1  of  their 
length  in  thickness.  Spore  formation 
has  been  described. 

For  further  information,  the  larger 
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text-books  should  be  consulted,  especially  as  to  the  large  number  of 
other  forms  of  septicaemia  affecting  animals. 

Influenza 

Influenza,  or  '  La  Grippe,'  to  use  the  French  name,  has  oc- 
curred from  time  to  time  in  widespread  epidemics.  It  appeared 
many  times  between  the  sixteenth  and  eighteenth  centuries  in  this 
country,  and  frequently  between  1800  and  1850.  After  a  long 
interval  it  re-appeared  in  1889,  since  which  time  there  have  been 
several  distinct  outbreaks.  The  1890  epidemic  is  supposed  to  have 
originated  in  Bokhara,  in  Turkestan,  whence  it  spread  over  Eussia, 
Germany,  and  France  to  England.  Its  incubating  period  is  said  to 
be  a  few  hours  only,  so  that  sailors,  perfectly  healthy  at  the  time 
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Fig.  114. — influenza  sputum,     x  530 

The  halo-like  eapsiile  around  the  nimerons 
gi'oups  of  two  bacilli  in  tbe  interior  of  the 
large  epithelioid  cell  is  well  seen. 

of  landing  at  an  infected  port,  are  reported  to  have  been  attacked  in 
large  numbers  by  the  disease  in  an  incredibly  short  space  of  time. 

As  to  the  organism  itself,  the  bacillus  of  influenza  was  isolated  by 
Pfeiffer  from  the  purulent  bronchitic  sputum ;  and  Canon  claims  to 
have  detected  it  in  the  blood.  It  has  also  been  found  after  death  in 
the  peribronchial  tissue.  The  greenish-yellow,  muco-purulent,  bron- 
chial secretion  from  a  case  of  influenza  is  crowded  throughout  with 
the  specific  organism  (fig.  114),  and  the  appearances  to  be  described 
render  the  diagnosis  very  easy,  there  being  no  other  disease  known 
in  which  such  crowds  of  minute  bacilli  occur  in  the  sputum.  In  cases 
of  phthisis  supervening  upon  an  acute  attack  of  influenza,  or  in  other 
very  chronic  affections  which  have  arisen  in  this  way,  the  bacillus 
may  be  detected  for  many  months. 


Fig.  115. — influenza  bacillus. 
x530 

Pure  culture  on  glycerine-agar. 
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Cultivations.-G/y/ce7-*ne-a^/flr  plates  streaked  loith  fresh  blood  in 
the  usual  way  (p.  125),  should  be  employed.  An  emulsion  of  'the 
sputum  IS  made  in  nutrient  broth,  and  with  it  the  surface  of  the 
blood-agar  plate  is  inoculated. 

Hewlett  ('Manual  of  Bacteriology,'  p.  281)  recommends  washing 
he  sputum  m  several  test-tubes  of  sterile  normal  saKne  solution 
the  patient  havmg  gargled  his  throat  with  hot  water  before  expec- 
torating. '- 

_  Numerous  colonies  appear  ui  twenty-four  hours  or  so,  and  con- 
sist of  small  translucent  points  hke  dewdrops,  which  can  hardly  be 
seen  without  the  help  of  a  lens.  According  to  Kitasato,  these 
colonies  never  become  confluent  (Wurtz). 

Canon  states  that  he  has,  from  a  series  of  cases  of  influenza, 
cultivated  the  bacillus  by  allowing  the  blood  to  drip  from  a  finger 
prick  into  a  petri-dish  containing  glycerine -agar  broth.  Sub- 
sequent investigators  have  been  less  fortunate,  and  some  are  inclined 
to  doubt  the  correctness  of  this  observation. 

Under  the  microscope,  the  organism,  as  seen  in  pure  culture 
(fig.  115),  consists  of  a  very  fine,  short  rod,  with  rounded  ends. 
Though  of  about  the  same  thickness  as  B.  muriscpticus,  it  is  only 
half  its  length,  i.e.  0-5  [x.  The  bacilli  are  frequently  in  chains, 
and  but  for  their  minute  size  might  sometimes  be  mistaken  for 
pneumococci.  The  organism  of  influenza  is,  in  fact,  one  of  the 
shortest  of  all  known  bacilli. 

Carbol-fuchsin  is  an  excellent  stain.  The  organism  is  decolorised 
by  Gram's  method.  For  the  demonstration  of  the  bacillus  in  the 
blood,  Canon  recommends  fixing  the  films  with  absolute  alcohol  for 
five  minutes,  then  staining  in  the  following  mixture  (which  closely 
resembles  Chenzinsky's  mixture)  :  — 

Concentrated  aqueous  solution  of  methylene-blue,  40  parts  ;  eosin, 
\  per  cent,  solution  in  70  per  cent,  alcohol,  20  parts ;  distilled  water, 
40  parts. 

The  cover  glasses  are  floated  in  this  mixture  (placed  in  a  covered 
watch-glass)  from  three  to  six  hours  at  37°  C.  ;  they  are  then  washed 
in  water,  dried,  and  mounted  in  balsam.  The  red  corpuscles  arc 
stained  pinh,  and  the  leucocytes  with  the  bacilli  in  them,  bhie. 

Bubonic  Plague,  and  the  Bacillus  Pestis 

The  plague. — The  most  striking  changes  in  the  body  of  a  person 
suffering  from  Oriental,  or  bubonic  plague  are  seen  in  the  lymphatic 
glands  which  are  greatly  swollen,  and  of  doughy  consistence.  Section 
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shows  them  to  be  intensely  congested,  blood-stained  serum  escaping 
freely  from  the  cut  surface.  Suppuration  may  ensue,  early  or  late, 
but  may  be  absent.  The  glands  of  the  groin,  and  of  the  axilla  are 
generally  the  first  to  be  involved.  The  lymphatic  glands,  the  spleen 
the  liver  (fig.  116,  b),  the  kidneys,  and  other  organs,  become  crowded 
with  the  characteristic  bacilli ;  in  addition,  there  is  well-marked  cloudy 
swelling  of  the  cells  themselves. 

Shortly  before  death  the  blood  also  becomes  crowded  with  bacilli, 
and  from  it  pure  cultures  can  readily  be  made  (fig.  116,  a). 

The  plague  baciUus  (B.  pestis)  was  discovered  in  1894,  indepen- 
dently, by  Kitasato  and  Yersin  in  the  blood  and  inflamed  lymphatic 
glands. 

Eats  and  mice  are  very  susceptible  to  the  disease ;  in  fact,  the 


Note.— It  should  have  been  stated  in  the  text  that  fig.  116  has  been  drawn 
from  specimens  kindly  lent  to  me  by  my  friend  Dr.  Christopher  Childs,  of 
the  Hygiene  Department,  University  College,  London. 


CuKTis's  Bacteriology. 

To  face  p.  218  in  centre. 

liiOVAxcv,      tori —  tu-Lxvajiiuo      owiiAUXv^ri."  KJi. 

,  a  4-  1+^0        Fig.  116. — bubonic  plague.     x  530 

peptone,  2  per  cent.,  with  1  to  'A 

,      e      1   J.-       1    •   U  A,  film-preparation  of  iJ.  jOesr/i  :  glyceriue-ayar 

per  cent,  of  gelatine  being  perhaps  culture,  made  from  tbe  Woort  of  an  infected 

t.U     1      4-  rrK,^^^^r^'U^■,~.^A  animal ;  some  of  the  plague  bncilli  are  seen 

the  best  (^l^lOOKSnanKJ.  uniformly  stained.    B,  section  of 

Broth.  —  The    growth    slowly  Slln,;.^^^'''  ""^^"""'^  numerous  plague 

appears  after  two  or  three  days, 

as  a  somewhat  granular,  white  deposit,  at  the  bottom  and  sides  of  the 
tube,  the  supernatant  fluid  soon  becoming  clear.  If  fat  be  present, 
as  pointed  out  by  Haffkine,  the  growth  hangs  down  from  the  droplet 
of  fat  into  the  clear  broth,  in  the  form  of  stalactites. 

Gelatine  stab. — There  is  a  white  growth  along  the  track  of  the 
needle,  consisting  of  minute  pin-point  colonies,  and  the  surface  of 
the  medium  is  seen  to  be  covered  by  a  thin  layer  of  growth.  No 
liquefaction  occurs. 


'  Brit.  Med.  Journal,  p.  1588,  vol.  ii.  1899. 
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coi^T^  T  ^^r^'-""^^'  ^^^y  characteristic,  the 

colonies  being  for  the  most  part,  confluent;  where  discrete  ihey 
iorm  more  or  less  cn^cular,  translucent  discs,  somewhat  resembling 
staphylococci  colonies,  and  when  examined  under  a  low  power  of  the 
microscope,  they  are  seen  to  have  a  somewhat  wavy  outline 
^'.o^^XTn  ^ZT"'^'^^  temperature  for  incubation  is  33°  C,  or  from 
\°  7  ^-  The  more  virulent  the  bacillus,  the  more  scanty  the 
growth  (Symmers),  ^ 

Under  the  microscope,  the  hacillns  pestis  (fig.  116,  a)  appears  as  a 
non-motile,  very  minute,  ovoid  coccus,  or  cocco-bacillus  ;  and  in  older 
cultures  It  appears  as  a  short,  fat  rod,  with  rounded  ends.    It  stains 
readily  by  simple  anilin  dyes,  but  is  decolorised  when  treated  by 
Gram  s  method.   It  is  characterised  by  well-marked  bi-polar  staining 
although  some  of  the  bacilli  may  be  seen  stained  uniformly  in  film 
preparations  made  from  cultures,  in  which,  also,  the  organisms  fre- 
quently form  chains  of  varied  length  {streptohacilli) ;  whereas  in  the 
tissues  they  are  apt  to  he  singly,  although,  as  in  the  illustration 
(fig.  116,  b),  streptobacilli  may  also  be  seen.    The  bi-polar  staining 
seen  m  cultures,  is  also  found  in  the  bacilli  present  in  the  tissues,' 
but  in  these  is  rather  less  obvious.    They  may  sometimes  be  seen  to 
be  enclosed  in  a  halo-like  capsule,  in  parts  of  the  tissue.    No  spore 
formation  has  been  observed. 

Eesults  of  inoculation.— Subcutaneous  injection  of  the  cultures, 
from  the  blood,  or  from  other  diseased  tissues,  produces  the  same 
changes  as  have  already  been  described  for  man.  At  the  site  of 
inoculation  there  is  well-marked  oedema;  the  lymphatic  glands 
then  become  greatly  inflamed,  and  the  whole  of  the  body  becomes 
involved.  There  is  intense  congestion  of  the  viscera,  leading 
often  to  acute  htemorrhage.  The  spleen  is  enlarged.  According 
to  Symmers,  in  rats  the  liver  looks  as  if  studded  with  mihary 
tubercles,  the  spleen  being  normal ;  in  the  guinea-pig,  however,  the 
liver  appears  normal,  whilst  the  spleen  appears  to  be  affected  by 
miliary  tuberculosis. 

Protective  inoculation,  by  means  of  agar  cultures— killed  by  heat- 
ing to  58°-60°  C,  for  half  an  hour— has  been  obtained  in  the  case  of. 
horses  and  other  animals ;  and  the  serum  from  such  immunised 
animals  has  a  certain  amount  of  protective  power. 

Haffkine  employs  a  combination  of  the  plague  bacilli  with  their 
extra-cellular  toxins,  a  specially  prepared  culture  being  incubated  for 
five  or  six  weeks.  This  is  then  sterilised  by  heating  to  a  temperature 
of  from  65°  to  70°  C.    A  second  inoculation  is  very  desirable. 

The  treatment  by  Haffkine's  method  is  still  stibjucUce,  but  the 
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following  statistics,  given  by  Hankin,'  may  be  quoted.    At  Hubb,  m 
Mr  auring  the  week  ending  August  26,  1898,  the  plague  was  so 
Went  that^among  the  uninoculated  one  man  in  nme  was  attacked 
yet,  at  the  same  time,  among  those  who  had  been  moculated  twice, 
only  one  person  in  755  was  attacked. 

Latei  in  the  year,  when  only  about  150  umnoculated  persons 
remained  at  Hubh,  106  of  these  were  attacked,  whde  among  the 
twice  inoculated   (over  31,000   persons)  only  one   m  1,320  was 

attacked.  r      •  j. 

One  attack  of  the  disease  is  said  to  increase  the  power  of  resist- 
ance against  a  second.  There  appears  to  be  comparatively  little  risk 
of  contagion,  in  the  case  of  EngUsh  doctors  and  nurses  m  attendance 
on  cases  of  the  disease,  if  the  ordinary  precautions  are  adopted. 

'  Eecent  Eeports  on  Plague  in  India.  Brit.  Mad.  Journ.  p.  724,  vol.  ii.  1899  . 
This  is  a  review  of  Hankin's  pamphlet  entitled  The  Bubonic  Blague,  1899. 


232 


■ESSENTIALS  OF  PriACTrCAL  15ACTERI0L0G: 


LESSON  XX 

ANAEROBES 
TETANUS— MALIGNANT  (EDEMA— QUARTER  EVIL 

A.  Bacillus  of  Tetanus 

B.  Bacillus  of  Malignant  (Edema 

C.  Bacillus  of  Quarter  Evil 

Of  A,  B,  and  C 
I.  Cultivations  '  in 

(i)  Glucose  gelatine  stab. 

(ii)  1  p.c.  Glucose  agar-agar:  (a)  stab  ; 

n  n  „        (13)  '  shake.' 

(iv)  0-5  p.c.  Formate-of-soda-gelatine,  or  -agar. 
II.  Stain  cooerslijjs  of  cultxtres,  with  carbol-fuchsin. 
III.  Stain  for  spores,  by  Moller's  method  (p.  47). 

Anaerobes 

The  three  obligate  anaerobes  (p.  36)  of  chief  importance  are 
the  bacilli  of  tetanus,  malignant  oedema,  and  quarter  evil.  They 
are  distinguished  from  the  aerobes,  hitherto  studied,  by  their  inability 
to  grow  in  the  presence  of  oxygen,  so  that  special  means  have  to  be 
taken  to  ensure  the  absence  thereof. 

The  general  methods  now  usually  employed  for  growing  anaerobes 
may,  therefore,  be  conveniently  mentioned  here. 

Buchner's  method,  which  is  very  simple  (fig.  117),  consists  in 
inoculating  a  small  tube  of  suitable  medium  with  the  anaerobe  in 
question,  and  inserting  it,  plugged  with  wool,  into  a  larger  test  tube, 
containing  some  substance  which,  by  its  great  avidity  for  oxygen,  soon 
exhausts  the  supply  out  of  both  inner  and  outer  tube,  after  the  larger 

'  Other  methods  of  cultivating  anaerobes,  mentioned  in  the  text,  should  be 
demonstrated  to  the  class. 
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one  has  been  plugged  with  a  rubber  cap.    The  substance  usually 
employed  is  a  solution  of  p>TOganic  acid  in  the  proportion  o  one 
cramu'e  of  the  acid  to  lOc.c.  of  decinormal  solution  of  caustic  potash, 
the  mixture  of  the  two  being  made  immediately  before  use.  _ 

This  principle  may  be  imitated  by  the  use  of  cultures  using  up  a 
large  quantity  of  oxygen,  the  culture  of  anaerobe  in  the  inner  tube 
being  surrounded  by  a  broth  culture  of  B.  mbtilis,  or  other  similar 


Fig.  117— buchner's 
method  of  an- 
aekobic  culttjee 

a,  small  test-tube  culture  ; 
b,  larger  test-tube,  con- 
taining pyrogallate 
of  potash  solution ; 
e,  iiiiilarubber  stopper. 

(From  Scbeult's  'Bacterio- 
logy.') 


Fig.  118.  — fkankel's  anaeeobic  tube-cultuee 

n,  glass  tube  tbrougli  wliicli  bydrogen,  or  other  gas,  is 
passed  ;  b,  exit  tube  for  gas  ;  c,  rubber  stopper  coated 
Nvith  paraffin. 

(From  Sclienk's  '  Bacteriology.') 


organism.  The  anaerobe  is  thus  allowed  to  develop  in  an  atmosphere 
deprived  of  oxygen.  This  is  indeed  the  original,  but  less  convenient, 
method  of  Buchner. 

Trankel's  method. — A  large  Esmarch  roll-tube  (p.  21),  containing  a 
small  quantity  of  liquefied  gelatine  or  agar-agar,  alone,  or  mixed  with 
1  p.c.  glucose,  is  inoculated  with  the  anaerobe. 

'  The  decinormal  solution  of  caustic  potash  contains  5-6  grammes  per  litre  of 
water.  The  decinormal  solution  of  caustic  soda,  which  may  be  used  instead, 
contains  3-99  grammes  to  the  litre  of  water. 
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The  wool  plug  is  rapidly  replaced  by  a  sterilised  '  rubber  stopper 
fi  ed  w.tntwo  pieces  of  tubing,  one  of  which  passes  to  the  bo  toTo 
he  Esx.arch  tube,  the  otW  only  just  passing  through  the  stoppe 
(fig.  118).    These  pieces  of  tubing,  after  emerging  through  the  oute  • 

i^iSd  Tth  r;f ''''''r''''  *°  ''^^  ^to;,^^n,it,:z 

tucted,  so  that  they  can  subsequently  be  readily  fused.  By  means  of  a 
lupp  s  apparatus  (fig.  119),  hydrogen  is  generaL  and  allLed  to  pas 
thiough  a  flask  containing  water,  which  absorbs  any  sulphurerd 
hydrogen  present^    On  escaping  from  this  flask  the  hydrogen  pi  es 
through  a  second  one,  containing  a  mixture  of  pyrogallic  acid  and 

potash,  in  the  proportion  of  1  gramme  of  the 
acid  to  10  c.c.  of  a  decinormal  solution  of  caustic 
potash.  This  deprives  the  gas  passing  through 
It  of  any  carbon-dioxide,  or  oxygen,  present. 
The  hydrogen,  thus  purified,  is  then  allowed  to 
bubble  in  a  continuous  stream  through  the 
already  inoculated  gelatine,  or  agar,  which  is 
kept  liquefied  by  placing  the  culture  tube  in 
water  kept  at  37°  C,  in  the  case  of  gelatine  ;  or 
at  from  40  to  42°  C,  in  the  case  of  agar. 

The  gas  coming  through  the^  exit-tubing 
is  led  under  water,  and  collected,  after  five 
minutes,  in  an  inverted  test-tube  full  of  water. 
It  is  tested  in  the  usual  way,  the  test-tube- 
mouth  downwards,  and  now  full  of  gas— being 
plugged  with  the  thumb,  and  its  mouth  then 
opened  close  to  a  small  flame.  If  the  gas  burns 
quite  quietly,  all  the  oxygen  in  the  tube  of 
medium  may  be  considered  to  have  been  replaced  by  hydrogen.  The 
gas  should  then  be  passed  in  for  five  minutes  more,  and  the  piece  of 
exit-tubing  (b)  fused,  as  in  the  illustration.  The  gas  is  still  passed 
in  so  as  to  completely  fill  the  culture  tube,  and  then  the  entermg-tube 
is  quickly  fused. 

An  Esmarch's  roll-tube  culture  is  then  made  (p.  21),  and  incubated 
at  the  appropriate  temperature.  Colonies  of  the  anaerobe  then 
develop  in  the  layer  of  gelatine,  or  agar,  which  forms  a  hning  to  the 
glass  tube. 

An  objection  to  the  use  of  gelatine,  or  agar,  in  this  way  is  that 
owing  to  its  viscidity  large  bubbles  are  produced  in  passing  in  the 
hydrogen,  and  these  subsiding  but  slowly,  or  not  at  all,  materially 

'  The  indiarubber  stopper  and  tubes  are  freshly  sterilised  and  kept  in  the 
steamer  (fig.  2),  until  ready  to  be  substituted  for  the  wool  plug,  as  described. 


Fig.  IIU.— kiit's  ap- 

PAlt.\TUS,  Foil  GJiXK 
KATIXG  HYDU0t4KN 
AND  OTHEB  GASES 
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interfere  with  th^  practical  employment  of  this  method.  It  has 
therefore  been  recommended  to  make  a  roll-tube  first,  in  the  ordinary 
way,  and  pass  the  hydrogen  in  subsequently.  This  drives  out  all 
the  oxygen  equally  etfectually. 

A  modification  of  this  second  method  consists  in  making  a  roll 
tube,  solidifying  it  in  water  containing  ice,  and  pouring  in  liquefied 
gelatine,  or  agar,  which  then,  after  driving  out  all  the  oxygen,  forms 
a  sohd  core.  After  replacing  the  wool  plug,  the  tube  is  fitted  with  an 
indiarubber  cap  in  the  usual  way.  The  advantage  of  this  method 
over  a  stab-  or  a  shake-culture  is  that  the  colonies  are  developed  next 
to  the  side  of  the  tube,  and  not  in  the  depths  of  the  medium,  so  that 
they  can  be  readily  observed. 

In  studying  the  chemical  products  of  anaerobes,  nutrient  brotli 
must  be  used  and  Frankel's  method  ^may  be  adopted.  For  this 
purpose,  indeed,  broth  is  more  convenient  to  work  with  than  liquefied 
gelatine,  or  agar.  The  method  of  passing  the  hydrogen  through  the 
inoculated  broth,  and  then  sealing  up  the  pieces  of  tubing,  is  exactly 
the  same  as  when  liquefied  gelatine,  or  agar,  is  used. 

For  class  work,  the  inoculation  of  stab  cultures  of  1  per  cent, 
glucose  agar  (fig.  121),  or  of  0-5  per  cent,  formate  of  sodium  agar- 
agar,  is  perhaps  the  most  suitable  method  of  growing  the  anaerobes. 
After  inoculation,  contact  with  the  air  can -be  further  cut  off  by 
covering  the  surface  of  the  medium  to  a  depth  of  abou.t  half  an  inch 
with  formate  of  soda  solution,  or  with  petroleum,  sterile  oil,  &c. 

Streak  formate-agar  cultures,  similarly  covered  with  fluid,  may 
also  be  tried.'    Formate  broth  sometimes  gives  good  results. 

One  per  cent,  glucose  gelatine,  carefully  neutralised,  or  having  a 
slightly  alkaline  reaction,  may  also  be  employed. 

Shake  cultures  of  glucose-agar,  and  -gelatine  (fig.  120),  shoidd  be 
used  to  demonstrate  the  formation  of  gas,  and  the  specific  characters  of 
the  colonies,  in  the  case  of  the  three  anaerobes  we  are  about  to  study. 

In  all  cases,  the  medium — whether  gelatine,  agar,  or  broth — should 
be  freshly  prepared,  immediately  before  use.  This  is  especially  im- 
portant in  the  case  of  tetanus  cultures.  The  tubes  are  capped  and 
then  kept  at  the  appropriate  temperature,  22°  C,  or  37°  C. 

A  very  convenient  method  of  examining  the  cultures  by  means  of 
the  low  power  of  the  microscope  is  afforded  by  making  plate  (petri- 
dish)  cultivations,  with  the  above-mentioned  media,  in  an  atmosphere 
of  hydrogen.    The  plates  are  made  in  the  usual  way,  but  special 

'  For  film  preparations,  especially  for  flagella  staining,  in  the  case  of  tetanus, 
Kanthack  used  streak  cultures  of  formate-of-soda-agar,  grown  in  Buchner's 
tubes.    (See  p.  222.') 
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petri-dishes  have  to  be  employed,  so  that  the  hydrogen  may  be  passed 
through,  and  the  anaerobes  kept  constantly  in  an 
atmosphere  of  that  gas. 

Botkin's  apparatus'  for  growing  anaerobes 
is  extremely  simple.  A  bell  jar  rests  in  a  glass 
dish  containing  petroleum,  or  some  similar  fluid, 
upon  a  leaden  support,  so  as  to  allow  two  bent 
leaden  tubes  to  pass  down  between  the  side 
of  the  dish  and  the  bell  jar  and  then  up  to  just 
above  the  free  surface  of  the  fluid,  which  cuts  ofi' 
contact  with  the  outer  air.  Hydrogen  is  passed 
lliiiiiilHiili  the  bell  jar  is  completely  full  of  the  pure 

gas.  Culture  tubes,  plates,  &c.,  previously  inocu- 
lated, are  placed  on  appropriate  supports  under 
the  bell  jar,  and  the  apparatus  kept  at  a  suitable 
temperature. 

Tetanus 

If  rabbits,  guinea-pigs,  or  mice,  be  inoculated 
subcutaneously  wdth  ordinary  garden  earth,  death 
frequently  results  from  tetanus  in  from  twenty- 
four  to  forty-eight  hours.  At  the  seat  of  inocu- 
lation the  tissues  are  swollen,  yellowish,  and 
oedematous,  this  condition  spreading  into  the 
parts  around.  There  is  generally  a  localised 
abscess,  the  pus  containing  numerous  other 
iiiiviiliniii  organisms  besides  tetanus  bacilli  which  may  be 
isolated  after  inoculating  agar-agar  tubes  with 
the  pus  at  37"'  C,  in  the  following  way. 

To  isolate  the  tetanus  bacillus,  from  such  a 
culture. — Film  preparations  are  made ;  and  if 
the  drumsticks,  typical  of  spore-bearing  tetanus 
bacilli,  are  seen  after  the  tube  has  been  inoculated 
altogether  for  forty-eight  hours,  the  culture  is 
heated  in  a  water  bath  at  80°  C.  for  one  hour,  to 
destroy  the  less  resistent  contaminating  bacilli, 
according  to  Kitasato's  method. 

Koll-tubes  are  now  made  of  nutrient  gelatine, 
using  as  little  of  the  medium  aspossible.  Hydrogen 
is  passed  in  one  of  the  ways  already  described,  and  the  tube  her- 
metically sealed.    The  growth  appears  at  the  end  of  a  week,  the  tube 

■  A  figure  illustrating  the  apparatus  will  be  found  in  the  English  edition  of 
Thoinot  and  Mdsselin's  Outlines  of  Bacteriology. 
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Fig.  120.  —  ANAiiKOBic 

GELATINE  SHAKE  CUIj- 
TUHE  OF  THE  TETANUS 
BACILIiUS 

(From  Scheuk's  'Bacterio- 
logy,' after  Friiiikel  and 
Pfeiffier.) 
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beins  kept  at  from  18°  to  20°  C.  At  the  end  of  ten  days,  the  colonies 
may  be  examined  with  the  microscope,  and  pure  sub-cultures  made. 
From  such  pure  cultures,  susceptible  animals-guinea-pigs  mice,  or 
rabbits-should  be  inoculated  to  test  the  virulence  of  the  cultivatioins. 
The  tetanus  bacillus  is  not  always  an  easy  anaerobe  to  grow.  Ihe 
■  i-eaction  of  the  medium  should  be  examined  immediately  before  use, 
and  should  be  only  shghtly  alkaline.  If  using  nutrient  broth  it  may 
be  advisable  to  neutralise  it  by  the  addition  of  10  c.c,  or  so,  of  a  1  per 
cent,  solution  of  sodium  hydrate  to  every  htre  of  the  broth  m  question. 

GnltiY?itions.^Glucose-gelatme  stab.— The  tetanus  bacillus  is  an 
obligate  anaerobe.  The  growth  begins  at  a  distance  of  three  quarters, 
to  one  inch,  or  more,  below  the  surface  of  the  medmm.  If  kept  at 
18°  to  20°  G.,  it  does  not  usually  appear  under  a  week.  At  22°  to 
24°  C,  however,  it  may  appear  in  from  three  to  four  days.  The  growth 
along  the  track  of  the  needle  is  somewhat  hazy,  and  lateral  branches 
radiate  out  into  the  surrounding  medium.  The  gelatine  is  only  very 
slowly  Uquefied,  and  some  gas  may  sometimes  be  produced.  If 
present,  this  would  best  be  seen  in  shake  cultures  (fig.  120).  The 
young  colonies  are  opaque  white  in  the  centre,  and  a  radiating  fringe 
of  fine  filaments,  not  unhke  those  of  young  favus  colonies,  is  seen 
at  the  periphery.  In  old  colonies,  the  appearance  presented  some- 
what resembles  the  felted  surface  of  a  common  white  mould. 

Glucose-agar  stab.— The  growth  takes  place  best  at  from  37°  to 
38°  C.  At  the  end  of  forty-eight  hours,  there  is  a  distinct  growth 
along  the  track  of  the  needle,  from  which  very  dehcate,  branching 
processes,  composed  of  fine,  white,  punctiform  colonies,  spread  into^ 
the  surrounding  medium,  so  as  to  result,  eventually,  in  a  very  charac- 
teristic tree-like  growth  (see  fig.  121,  a).  Little,  or  no,  gas  is  formed, 
the  appearance  of  the  growth,  and  the  very  slow  development,  or 
absence,  of  gas  readily  distinguishing  tetanus  from  the  two  succeeding 
organisms. 

Glucose  broth. — In  an  atmosphere  of  hydrogen  the  organism,  grows 
readily,  especially  if  the  broth  be  fresh,  and  rendered  slightly  alkaline, 
in  the  manner  directed  above.  The  addition  of  1  per  cent,  of  glucose  is 
of  considerable  value  ;  or  if  0'5  per  cent,  of  formate  of  soda  be  added 
to  the  broth,  it  is  not  necessary  to  grow  in  an  atmosphere  of  hydrogen 
provided  the  tube  be  carefully  and  completely  sealed  by  means  of  the 
indiarubber  cap.  The  medium  is  rendered  at  first  slightly  turbid  ; 
but  in  three  or  four  days  there  is  a  white  deposit  of  from  /g-  to  ^  of  an 
inch  deep  at  the  bottom  of  the  tube,  the  liquid  above  being  of  a  clear 
straw  colour ;  like  the  cultures  in  all  the  other  media,  there  is  a  very 
fcfitid  odour,  and  gas  in  small  quantity  may  be  developed. 

Q  2 


Fig.  121 


A,  TETANUS  BACILLUS       B,  BACILLUS  OF  MALIGNANT     C,  BACILLUS  OP  QUAETEK 

CEDEMA  EVIL  (sYlIPTOMATIC  ANTHEAx) 

Glucose-agar  culture,  Glucose-agar  oulture,  Ulucose-agar  culture, 

five  montlis  old.  two  days  old.  two  days  old. 

Coverslip  preparations  are  best  made  from  surface  cultiA'ations 
on  formate-of-soda-agar  grown  in  Buchner's  tubes,  as  described 
by  Kanthack  and  Connell.^    This  method  is  especially  advisable 
'  Trans.  Path.  Soc.  Lond.  vol.  xlviii.  1897. 
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Fig.  122. — tetanus  bacilli 
and  spokes.     x  530 


when  the  flagella  ave  to  be  examined,  the  objection  to  the  use  of  stab- 
cultures  being  the  unavoidable  mixture  of  the  organisms  ^^ath  the 
medium  itself.  The  films  for  flagella  staining  may  be  made  from 
such  cultures  :  (a)  when  four  days  old,  and  (&)  when  fourteen  days  old. 

Under  the  microscope,  tetanus  bacilU  are  seen  to  be  rods  of  vary- 
ing length,  some  of  them  being  short  and  stumpy,  others  long  and 
thin;  sometimes  threads  of  con- 
siderable length  are  seen,  and  in 
these  forms  the  width  may  be  less 
than  in  the  shorter  ones,  although 
this  is  not  invariably  the  case. 
When  the  spores  have  formed,  the 
bacilli  have  the  very  characteristic 
appearance  .  of  drumsticks,  the 
spore  itself  being  spherical  and 
highly  refractile.  It  is  usually  ter- 
minal, and  by  its  circular  outline, 
and  generally  larger  diameter,  may 
be  distinguished  without  difficulty 
from  the  somewhat  similar  spore- 
bearing  bacillus  of  Quarter  Evil. 

Motility.— The  organism  is  only  sUghtly  motile,^  and  lo  demon- 
strate its  motihty,  the  use  of  a  warm  stage  is  advisable. 

Flagella.— The  tetanus  bacillus  is  provided  with  numerous  flagella, 
sometimes  twenty  to  thirty,  a  point  to  which  the  late  Professor  Kant- 
hack  and  Connell  have  drawn  attention  in  a  well-illustrated  paper,^ 
from  which  the  following  account  is  taken.  Some  of  the  flagella  are 
thicker  than  others,  and  they  are  either  single,  or  consist  of  numerous 
flagella  twisted  together.  The  more  numerous  and  finer  flagella  are 
distinguished  as  primary;  the  thicker,  and  more  or  less  spirally 
twisted  flagella,  just  mentioned,  of  which  there  may  be  from  one  to 
three  to  each  bacillus,  are  considered  to  be  secondare).  Even  the 
long  thread-like  bacilli  may  have  a  few  fine  flagella. 

After  the  formation  of  spores  the  organism  loses  its  motility,  and 
the  fine  primary  flagella  disappear  first,  so  that  the  thick  secondary 
flagella — -which  may  be  single,  or  form  a  terminal  tuft — alone  re- 
main visible.  They  are  readily  demonstrated  by  Van  Ermenghem's, 
or  Pitfield's,  method. 

Spore  formation. — In  nutrient  gelatine,  which  can  only  be  in- 
cubated at,  or  below,  24°  C,  spore  formation  does  not  usually  appear 

'  The  slight  motility,  in  spite  of  the  numerous  flagella,  in  the  case  of  tetanus 
bacilli,  has  been  attributed  chiefly  to  the  unfavourable,  aerobic  conditions  of 
examination— i.e.  the  hanging-drop,  as  usually  made.  Loc.  cit. 
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before  a  week,  by  which  time  considerable  liquefaction  of  the  gela- 
tine may  have  occurred.  Kept  at  the  more  favourable  temperature 
for  tetanus,  37°  to  38°  C,  spore  formation  occurs  in  agar,  broth,  &c. 
in  about  thirty  hours. 

Vitality  and  virulence  of  tetanus  spores.- When  sterilised  threads 
(p.  267)  are  placed  in  a  broth  culture  of  the  tetanus  bacillus,  and  dried 
m  an  ordinary  desiccator  containing  concentrated  sulphuric  acid,  the 
spores  remain  alive,  and  retain  their  virulence,  for  many  months. 
They  are  not  killed  after  exposure  to  80°  C.  for  an  hour ;  but,  if  kept 
in  the  steam  sterihser  at  100°  C,  they  are  killed  in  five  minutes. 

The  solution  obtained  by  adding  0-5  per  cent,  of  hydrochloric  acid 
to  a  1  in  20  solution  of  carbohc  acid,  or  to  a  1  in  1,000  solution  of  cor- 
rosive sublimate,  is  seven  or  eight  times  more  rapid  in  its  action  in 
destroying  the  spores  than  these  solutions  unmixed  with  the  hydro- 
chloric acid. 

In  the  case  of  exposure  to  a  solution  of  1  in  20  carbolic  acid  alone, 
the  spores  survive  for  ten  hours,  but  are  destroyed  in  fifteen  hours  ; 
when  the  hydrochloric  acid  is  added  in  the  proportion  mentioned,  two 
hours'  exposure  is  fatal.  In  the  case  of  a  1  in  1,000  solution  corro- 
sive sublimate,  three  hours  are  necessary  ;  but  only  half  an  hour,  when 
0-5  per  cent,  of  hydrochloric  acid  is  added  to  the  mixture  (Abbott). 

Inoculation  of  pure  cultures  subcutaneously.— Mice,  rats,  guinea- 
pigs,  rabbits,  and  other  animals  are  readily  susceptible  to  tetanus, 
and  after  a  variable  period — which  is  about  twenty-four  to  thirty-six 
hours  for  mice,  and  longer  for  the  larger  animals  mentioned — tetanic 
spasms  occur,  commencing  at  the  seat  of  inoculation  and  soon  becom- 
ing general.  As  in  the  case  of  a  frog  into  which  strychnine  has  been 
injected,  these  spasms  are  readily  excited,  either  by  gently  touching 
the  animal,  or  by  merely  blowing  on  it.  Death  is  caused  by  the  manu- 
facture of  the  toxic  products  at  the  seat  of  inoculation  of  the  organ- 
ism, which,  however,  is  often  extremely  difficult  to  find,  a  hypersmic 
condition  at  the  seat  of  the  injection  being  often  all  that  is  visible 
when  the  culture  is  pure.  If  earth,  or  other  material  containing  the 
organism,  is  used  instead  of  a  pure  culture,  there  is  commonly  a  focus 
of  suppuration  in  the  subcutaneous  tissue  into  which  the  inocula- 
tion has  been  made,  and  the  characteristic  drumsticks,  or  free  spores, 
may  be  found  in  the  pus.  There  appears  to  be  no  evidence  of  the 
multiplication  of  the  organism  in  the  tissues,  the  organs  of  animals 
that  have  died  of  tetanus  failing  to  produce  the  disease  after  an 
inoculation  of  siisceptible  animals,  though  the  blood,  pleuritic 
effusion,  &c.,  containing  the  toxic  products,  will  produce  the  disease. 

Tetanus,  like  diphtheria,  can  be  experimentally  produced  by  the 
filtrate  of  broth  cultures  containing  toxic  products  only,  the  bacilli 
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TETANUS  AT^TI-TOXIN 

fori  nff  bv  the  Pasteur-Chamberland  filter.   The  vu^ulence 
rrj;f  t  oil  is  t!"y  remarkable,  and  may  be  so  great  that 
1  :::;;:o:"^«  or  ^.0005  is  .mte  eno.gh  to 

^^^^p:?^~n  fact,  to  a  as  in  the  case  oi^^ 

Tetcnne,  tetano-min,  and  s.as.no-to.rn  are  among     the  bodi  s 

isolated  from  fimd  cultures  of  the  ^^^^^^^'^-'^^ZZ. 
chemical  nature  to  those  obtained  in  the  case  of  diphtheria. 

How  the  tetanus  toxin  enters  the  system.-Tetanus  toxm  reaches 
the  c  "ral  nervous  system  from  the  point  of  -^^ectxon  along  two 
mths-  one  portion  directly  infects  the  nerves,  accountmg  for  the 
fc^3  lised contractions  of  muscle  sometimes  seen;  the  other  spreading 
by  the  blood.  The  cells  of  the  central  nervous  system  show  a  strong 
affinity  for  the  toxin,  those  of  the  spinal  cord  being  saturated  before 
the  higher  nerve  centres  are  attacked.^  Wassermann  subcutaneously 
injected  a  mixture  of  tetanus  toxin  and  an  emulsion  of  brain,  or  spinal 
cord,  into  guinea-pigs,  and  no  bad  symptoms  occurred;  whereas,  the 
control  animals  treated  with  the  toxin  alone  died  of  tetanus. 

Protective  and  curative   serums.-Bxperimentally,  susceptible 
ammals  may  be  protected  from  the  lethal  effects  of  very  large  doses  of 
the  tetanus  organism  and  its  products  by  a  series  of  sub-lethal  doses, 
so  that  eventually  ttey  not  only  become  immune  themselves,  but  the 
serum  derived  from  their  blood  acts  as  a  protective  and  curative  agent 
for  other  animals.    In  the  first  case  the  immunity  is  active,  m  the 
last-mentioned  animals  it  is  passive  (see  pp.  166-7).     The  passive 
immunity,  acquired  by  hypodermic  injection  of  serum  from  an  ani- 
mal already  immunised,  only  holds  good,  however,  agamst  tetanus 
toxin  hypodermically  or  intravenously  injected,  not  for  intracerebral 
injections  of  the  toxin,  in  which  case  cerebral  tetanus  is  set  up  ;  so 
that,  clearly,  the  brain  cells  are  not  rendered  immune  by  a  sub- 
cutaneous or  intravenous  injection  of  tetanus  anti-toxin. 

This  explains  the  experimental  fact  that,  whilst  subcutaneous  or  in- 
travenous injections  of  the  anti-toxin  may  fail  to  cure  tetanus  produced 
in  animals,  intracerebral  injections  in  the  early  stage  of  the  disease 
are  most  successful,  as  shown  by  Eoux  and  Borrel,^  and  they  have 

'  After  inoculating  rodents  with  tetanus-toxin,  and  hardening  the  nervous 
systems  in  formalin,  Foulerton  and  Campbell  Thomson  {Lancet,  January  13,  1900) 
have  actually  succeeded  in  demonstrating,  by  a  modification  of  Nissl's  process  with 
methylene-blue,  definite  changes  in  the  constitution  of  the  nerve-cells  of  the  motor 
areas  of  the  cerebral  cortex,  &c.,  and  to  these  may  be  attributed  the  motor  disturb- 
ances occurring  in  tetanus.  For  Nissl's  method,  refer  to  von  Kahlden's  Pathological 
Histology,  p.  136. 

'  T6tanos  c6r6bral  et  Immunit6  centre  le  Taanos,'  Annales  de  I'Inst.  Paste^ir, 
April  1898. 


23.'         ESSENTIALS  OE  PEAOTICAE  BACTEEIOEOGY 

applied  tliis  method  to  the  treatment  ofm»„     m  •  c. 

recently  of  Netley),  to  whose  coursy  I  a"  Ide  tXfof^^^^^ 

tion  of  the  mode  of  operating,  and  from  Xm  thl  f  '^^^"^^^^ra- 

has  heen  taken,  has  verihedthe  effi  acy  I   ht  me  ^d'!^^  '"°T* ' 

ant^r^^:.ir  ~  -"-^  ^"^ection  of 

o..a^in^t:^er=-^^^^^^ 

m.d  point  of  an  imaginary  Hne  Joining  the  two  External 

meatuses,  a  hne  :s  dra^^n  to  the  outer  angle  of  the  orbit    Throu 'h 

the  mid-pomt  of  this  second  line  the  i  to  a  inch  in.^J 

and  the  hone  ,ust  perforated  hy  an  Arehi::d:ardrin  ^^^^^ 

little  larger  than  the  needle  of  the  syringe.    The  needle,  wlich  i 

rounded  at  :ts  pomt  to  lessen  the  danger  of  transfixing  a  veTsel  and 

Z^XT'^''-''^'  '--^  andisph^^gedirto  th 

substance  of  the  bram  as  deep  as  it  will  go.    The  syiinge  has  a 
screw^ps^on  and  is  connected  with  the  nefdle  by  thL 
ub  ng.    The  anti-toxua  used  is  double  the  strength  of  the  ordn.ary 
anti-toxin  and  21  c.cm.  are  inserted  into  each  cerebral  hemisphere 
he  injection  bemg  slowly  performed,  drop  by  drop,  allowing  at 
least  ten  minutes  for  each  injection. 

'  In  addition  to  this,  the  patient  receives  20  c.cm.  anti-toxin 
hypodermically,  for  two,  three,  or  four  days,  according  to  circum- 
stances.   The  mtracerebral  injection  immunises  the  higher  nerve 
centres  before  the  toxin  has  been  fixed  there.    The  anti-toxin  given 
hypodermically  renders  the  blood  anti-toxic,  and  the  toxin  as  it 
becomes  absorbed  from  the  source  of  supply-wound,  bruise,  or  any 
other  source— IS  neutralised  as  soon  as  it  enters  the  blood '  (Semple) 
Mr.  H.  S.  Collier,  in  March  1899,-^  performed,  at  the  suggestion  of 
Mr.  Phmmer,  subdural  injection  through  a  small  trephine  hole  made 
over  the  back  of  the  cerebellum,  with  the  idea  of  bringing  the  anti- 
toxin, thus  mixed  with  the  cerebro-spinal  fluid,  more  rapidly  and 
directly  in  contact  with  the  vital  centres  in  the  medulla.    The  anti- 
toxin was  also  injected  hypodermically.    His  success  in  one  case,  at 
St.  Mary's  Hospital,  London,  M^as  soon  afterwards  repeated  by  a 
colleague,  in  a  second  case.    Mr.  Horsley,  at  University  College 
Hospital,  in  May  1900,  was  similarly  successful.   The  original  wound, 

'  '  The  Treatment  of  Tetanus  by  the  Intracerebral  Injection  of  Anti-toxin,' 
Brit.  Med.  Jour.,  January  7,  1899. 
2  Lancet,  May  13,  1899. 
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situated  in  the  scalp,  was  freely  excised.  This  should  be  done  in  all 
cases,  so  as  to  remove  the  source  of  mfection. 

Malignant  CEdema,  and  the  '  Vibrion  Septique ' 

MaUgnant  oedema,  or  septicaemia  of  Pasteur,  like  tetanus,  is 
sometimes  the  result  of  inoculation  with  ordinary  garden  earth,  street 
dust,  &c.  It  affects  man,  horses,  sheep,  dogs, 
and  'fowls  (shghtly),  rabbits,  guinea-pigs,  and 
mice,  the  last-mentioned  animal  being  one 
of  the  most  susceptible  of  all,  dying,  as  the 
result  of  inoculation,  sometimes  in  less  than 
twenty-four  hours,  with  the  specific  organism 
in  the  blood  in  small  numbers.  The  bacillus 
of  mahgnant  oedema,  called  by  its  discoverer, 
Pasteur,  'vibrion  septiqiie,'  appears  to  be 
present  in  most  soils,  and  in  the  intestines 
of  many  animals,  in  these  respects,  as  well 
as  in  that  of  the  class  of  animals  affected, 
differing  considerably  from  the  bacillus  of 
Quarter  Evil  {q.v.). 

The  characteristic  lesion  is  a  well-marked 
oedema,  from  which  the  organism  can  readily 
be  isolated ;  and  a  condition  of  surgical  em- 
physema, from  the  production  of  gas  in  the 
tissues.  Spreading  traumatic  gangrene,  em- 
physematous gangrene,  or  gangrenous  septic- 
aemia, as  it  is  called  by  the  French,  is  due 
in  many  cases  to  this  organism,  though  other 
liacilli,  e.g.,  B.  coli,  and  B.  aerogenes  capsula- 
tus  (p.  104),  have  been  found  in  such  lesions. 

Cultivations. — The  bacillus  of  malignant 
oedema  is  an  obligate  anaerobe,  and  must  there- 
fore be  cultivated  out  of  contact  with  oxygen. 

Ghocose-gelatine  stab. — The  growth  occurs 
along  the  track  of  the  needle  at  a  distance 
of  about  an  inch,  or  an  inch  and  a  quarter, 
from  the  surface,  and  the  gelatine  is  liquefied, 
with  the  formation  of  gas  bubbles.' 

Ghocose-gelatine  shake  cultures  (fig.  123)     yig.  123.— bacillus  of 
demonstrate  the  properties  of  this  organism        malignant  cedema 
very  well,  small  transparent  globes  of  liquefied  drom  siuSf •  Ba*cterS^^^^^ 
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gelatine  being  formed  near  the  bottom  of  the  tul^e.  Later,  the  trans- 
parency is  replaced  by  a  cloudiness,  from  which  fine  striae,  visible 
with  a  lens,  pass  into  the  surrounding  medium  (Abbott). 

Glncose-agar-cujar  stab.— The  growth  along  the  track  of  tlie  needle 
is  white,  and  is  thicker  and  more  developed  below  than  above 
(fig.  121,  b).  The  edge  of  the  growth  consists  of  discrete,  dotted 
colonies,  which  are  seen  spreading  into  the  medium,  but  they  do  not 
produce  the  dehcate  tree-hke  growth  seen  in  the  case  of  tetanus. 
Gas  formation  occurs  rapidly  at  38°  C,  and  the  medium  rapidly 
cracks  on  this  account.    Cultivations  have  a  fcetid  odour. 

Ghicose-agar  sireak. —'^ixuiace  cultures  may  be  made  on  glucose- 
agar,  and  included  in  larger  tubes  containing  pyrogalhc  acid  and 


rapidly,  the  broth  being  at  first  rendered  turbid,  but  subsequently 
becoming  clearer,  from  the  deposition  of  the  white  growth  at  the 
bottom  of  the  tube.  Gas  formation  (CO2,  and  H)  results,  producing 
the  characteristic  foetid  odour. 

Under  the  microscope,  the  organism  is  seen  to  be  a  slender  rod 
of  varying  length,  there  being  frequently  single  bacilli  with  rounded 
extremities,  which  are,  generally  speaking,  about  the  length  of  an 
average  B.  anthracis.  Frequently,  however,  long  threads  are  seen, 
which  form  segments  of  unequal  length ;  the  extremities  of  these  seg- 
ments, where  apposed,  are  square,  or  bevelled  off  obliquely. 

Motility. — The  bacillus  is  slightly  motile. 

Flagella  are  present,  according  to  Abbott,  at  the  ends,  and  along 
the  sides. 

Spore  formation  rapidly  occurs,  the  appearance  of  the  spores  being 
preceded  by  a  swelling  in  the  middle  of  the  bacillus,  so  that  this 


sodium  hydrate,  according  to 
Buchner's  method.  This  is  con- 
venient for  making  clear  film  pre- 
parations unmixed  with  medium. 
Formate  of  sodium  agar-agar  may 
also  be  used,  streak  cultures  grow- 
ing well,  as  in  the  case  of  aerobes, 
if  the  tube  be  sealed  by  means  of 
a  rubber  cap,  no  pyrogallate  of 
sodium  being  necessary.  (See  foot- 
note to  p.  225.) 


FlO.  124.  — BACILLUS  OF  -MALIGNANT 
(EDEMA.       X  530 


Formate-of -sodium-broth,  or  glu- 
cose-broth.— In  the  case  of  glucose- 
broth,  especially,  hydrogen  should 
be   passed   in.      Growth  occurs 
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•        ol^m-iPtl   the  hiehlv  refractile  oval  spore 
eventually  becomes  ^^^^^^^  i„  this  condition  is 

..oPkPt  made  in  the  subcutaneous  tissue;  so  m  the  case  ot  pure 
ultul,^^^^^  Bhould  be  used;  or  bits  of  the  tissue  or 

some  of  the  CBdematous  fluid  of  an  animal  which  has  died  o  the 
STase  should  be  inserted  in  the  subcutaneous  layers,  through  an 
incision  in  the  skin  of  the  abdominal  wall  or  thigh.  ^      ^  , 

Xceptible  animals,  such  as  mice,  may  ^^^'^^^^^^ 
to  forty-eight  hours,  with  widespread,  more  or  less  blood-stained 
CBdemaiu^  tissues,  from  which  the  specific  organism  may  be  readily 
obtained.    The  muscles  have  a  blackish  appearance,  the  spleen  is 
soft,  the  liver  dark,  and  the  lungs  may  look  either  pale,  or  discoloured 

^^""in^he  case  of  mice,  the  heart  blood  is  said  to  contain  the  organi^sm 
at  the  time  of  death ;  whilst  in  the  case  of  other  animals,  rabbits,  &c., 
this  does  not  occur  until  some  hours  after  death,  although  they  may 
be  found  in  the  viscera  themselves,  and  in  effusions  into  the  pleural 
and  peritoneal  cavities,  in  which  there  may  be  a  very  considerable 
amount  of  exudation,  possessing  an  extremely  foetid  odour. 

Symptomatic  Anthrax,  or  Quarter  Evil  (Charbon  Symptomatique ; 
Rauschbrand) ;  and  Chauveau's  Bacillus 
Symptomatic  Anthrax,  or  Quarter  Evil.— This  disease  is  also 
known  as  'black  leg'  or  'quarter  ill'     It  affects  oxen  from  six 
months  to  four  years  old  ;  never  older  or  younger,  it  is  said.  It 
is  to  be  noted  that  swine,  dogs,  rabbits,  and  fowls,  which  are  readily 
susceptible  to  mahgnant  oedema,  are  absolutely  refractory  to  sponta- 
neous symptomatic  anthrax.    Horses,  while  readily  susceptible  to 
malignant  oedema,  naturally  and  experimentally,  are  only  locally, 
and  not  seriously,  infected  by  the  organism  of  symptomatic  anthrax 
(Abbott).    Experimentally,  the  only  animals  not  immune  are  sheep, 
goats,  oxen,  and  guinea-pigs. 

■  Contrasting  with  what  has  been  said  of  the  bacillus  of  mahgnant 
cedema,  virgin  soil,  generally,  does  not  appear  to  contain  the  organism. 
Diseased  cattle,  however,  especially  after  death,  infect  the  soil  in 
the  neighbourhood,  which  is  thus  a  constant  source  of  danger. 

Symptomatic  anthrax  resembles  true  anthrax  in  but  slight 
degree.  It  is  characterised  by  movable,  emphysematous  swell- 
ings of  the  subcutaneous  and  deeper  muscular  structures  over  the 
quarters  of  the  hind  hmbs,  the  tissues  affected  being  almost  black  in 
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colour,  CEdematous,  and  containing  gas.  T^he  black,  gangrenous  appear 
aace  has  given  nse  to  the  common  EngHsh  name  of  '  black  w''^^^^^ 
o  gamsm  IS  found  n.  large  numbers  in  this  diseased  area,  and  also  in 
the  blood-stamed  serous  exudations,  in  the  pleural  and  pentone. 
avitres  m  the  bile,  the  liver,  and  the  viscerl  generally,  and  n 

ZtiW^of'  ;f '  "^^'^  ''^^'^  congested,  or  exM  a  la  g 

quan  ity  of  yellow  serum.  The  blood  at  death  may  contain  only  a 
few  bacdh.    They  multiply  rapidly  if  the  blood  is  incubated  U 

wenty-four  hours  at  37°  C.  As  a  rule,  no  spore  formation  occurs  in 
the  tissues  dunng  hfe ;  but.  in  less  than  twenty-four  hours'  time  after 
death,  typical  spore-bearing  baciUi  may  be  found.  The  organisms  in 
the  tissues  are  generally  arranged  singly,  occasionally  in  pairs.  It  is 
hardly  ever  seen,  even  in  cultures,  in  long  threads,  as  in  the  case  of 
mahgnant  oedema. 

Cultivations—The  cultures,  whether  liquid  or  solid,  have  a 
peculiar  rancid  odour. 

Alkcdine  broth,  containing  1  p.c.  of  gelatine  and  1  p.c.  of  glucose^ 
has  been  recommended  as  a  favourable  medium.  It  should  be  kept 
at  36°  to  38°  C. 

_  Liqtcid  serum,  with,  or  without,  the  addition  of  water,  is  said  to  be 
still  better.  In  either  case,  the  oxygen  must,  of  course,  be  excluded 
by  the  passage  of  a  current  of  hydrogen,  as  usual. 

■  Sodium-formate  broth,  0-5  p.c,  may  also  be  used,  as  in  the  case 
of  the  other  anaerobes. 

Whichever  medium  be  used,  in  from  twenty-four  to  forty-eight 
hours,  turbidity  is  noted,  and  gas  bubbles  are  seen  on  the  surface  of 
the  Hquid ;  a  white  flocculent  deposit  sinks  to  the  bottom  of  the  tube. 

Glucose-gelatine  sto&.— After  forty-eight  hours,  or  so.  a  growth 
appears  about  an  inch  below  the  surface.  It  is  white,  and  lique- 
faction of  the  medium,  with  gas  formation,  occurs  after  a  time. 

Ghtcose-gelatine  '  shake.'— The  colonies  appear,  in  the  lower  two- 
thirds  of  the  medium,  as  tiny  spheres  rapidly  liquefying  the  gelatine,  two 
or  more  of  such  adjacent  liquefying  colonies  often  coalescing  into  one. 

Gbccose-agar  stab.— This  is  an  excellent  medium,  the  growth 
appearing  in  from  thirty-four  to  forty-eight  hours,  at  about  three- 
quarters  of  an  inch  below  the  surface  (fig.  121,  c).  The  colonies 
along  the  track  of  the  needle  form  a  somewhat  denser  mass  than  in 
the  case  of  malignant  oedema,  which  it,  however,  closely  resembles. 
The  lower  end  of  the  growth  is  broader  than  the  pointed  upper 
extremity ;  and  from  its  margins,  minute,  rounded,  or  slightly  oval, 
colonies  begin  to  sprout  out  into  the  surrounding  medium.  There  is, 
however,  no  branching  tree-like  growth  as  in  the  case  of  tetanus. 
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Gas  forms  even  more  rapidly  and  more  abundantly  than  in  the 
case  of  malignant  cadema,  and  its  production  is  almost  mvanably 
Associated  wfth  more  or  less  horizontal  sphttmg  of  the  medmm 
This  cas  formation  sometimes  proceeds  so  rapidly  as  to  force  the 
npper  layers  of  the  medium  against  the  wool  plug,  and  any  fluid 
present  may  actually  be  driven  through  the  wool,  the  partially  lique- 
fied medium  running  down  outside  the  tube. 

Sodium-formate  (0-5  p.c.)  agar  stab,  or  streak.-ln  the  case  of  the 
streak  culture,  merely  capping  the  tube  tightly  may  be  sufficient,  but 
it  may  also  be  inserted  in  a  larger  tube  containing  pyrogalbc  acid  and 
sodium  hydrate,  according  to  Buchner's  method.  This  is  the  most 
convenient  method  for  making  coverslip  preparations,  especially 
when  it  is  desired  to  demonstrate  the  flagella. 

Under  the  microscope,  the  organism  appears  as  a  slender  rod  with 
rounded  ends,  and  may  be  shghtly  curved,  or  sinuous  (fig.  125).  It 
occurs  singly,  or  in  pairs ;  but,  as 
already  mentioned,  the  very  long 
thread-like  forms,  commonly  seen 
in  the  case  of  mahgnant  oedema, 
are  not  as  a  rule  observed  in  the 
case  of  symptomatic  anthrax.  It 
is  decolorised  by  Gram's  method. 

Sections  may  be  stained  by 
Lofiler's  blue;  or  better,  perhaps, 
by  Klihne's  carbol-methylene-blue. 

The  spores  are  generally  ter- 
minal and  give  the  bacillus  a  very 
characteristic  appearance.  Spore- 
bearing  rods  may  also  be  seen, 
in  tissues,  especially  between  the 
fibres  of  the  muscles  in  the  affected 
areas.  Transverse  fractures  of  the 
fibres,  with  baciUi  lying  in  the  gaps,  are  also  not  uncommonly  seen 
(Thoinot  and  Masselin).  The  spore  itself  is  elliptical,  and  somewhat 
flattened  laterally,  and  has  a  pointed  free  extremity,  Ii  is  sometimes 
situated  in  the  middle  of  the  bacillus,  when  it  is  not  infrequently 
mistaken  for  the  bacillus  of  mahgnant  oedema,  which,  however,  is  a 
larger  organism.  The  absence  of  long  threads  is  a  marked  feature  in 
symptomatic  ■  anthrax,  and  the  bacilli  are  more  motile  ;  also,  in  the 
case  of  animals  dying  from'^  the  disease,  spore  formation  is  found  to 
occur  more  readily  in  the  tissues  than  in  the  case  of  malignant 
<Edema. 


Fig.  125. — the  bacillus  of  sympto- 
matic ANTHRAX,  OR  CHAUVEAU'S 
BACILLUS.      X  530 

A,  youug  culture.  B,  spore-bearing  organisms. 
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Motility.-J3efore  spore  formation  Has  occurred,  the  organism  is 
very  motile,  naich  more  so  tlian  in  the  case  of  mahgnant  cedema. 
riagella.— The  organism  possesses  numerous  flagella 
Spore  formation  occurs  in  from  thirty-six  to  forty-eight  houis  on 
medui  kept  at  the  body  temperature  ;  but  in  the  case  of  gelatine  kept  at 
A2  C.  this  is  delayed  for  about  a  week.    The  spores,  generally  speak- 
ing, appear  to  be  as  resistent  to  the  action  of  heat  and  chemicals 
corrosive  sublimate,  carbolic  acid,  &c.,  as  in  the  case  of  tetanus. 

Inoculation. -Cultures  rapidly  lose  their  virulence,  and  for  inocu- 
lation purposes  the  safest  material  is  the  blood-stained,  cedematous 
fluid,  or  portions  of  the  diseased  tissues,  inserted  into  a  pocket  beneath 
the  skm.    The  best  animal  for  such  inoculations  is  the  guinea-pig. 

Protective  inoculation.— One  attack  of  the  disease,  if  survived, 
confers  immunity.  Exudation  from  the  sweUing  in  the  diseased 
muscle  has  been  injected  in  small  quantity  into  cattle,  and  on  recovery 
the  animals  have  been  found  immune  against  a  much  stronger  dose. 

In  practice,  to  quote  Crookshank,  this  exudation  and  diseased 
muscle  are  dried  at  32°  to  35°  C,  made  into  a  powder,  and  then 
mixed  with  water.  This  infusion  is  heated  to  100°  C,  and  forms  the 
first  vaccine.  After  ten  days  a  second  vaccine,  prepared  in  the  same 
way  and  heated  to  80°  C,  instead  of  100°  C,  is  injected,  as  before,  into 
the  under  surface  of  the  tail,  near  its  extremity.  For  general  use  these 
vaccines  may  be  kept  in  the  form  of  dry  powder,  one-tenth  of  a 
gramme  of  which  is  gradually  rubbed  up  with  5  cc.  of  water,  i  cc. 
being  used  as  a  dose  for  each  animal.  Complete  success  results  from 
the  use  of  the  second  vaccine. 

Other  methods  of  immunising  animals  have  been  suggested,  Eoux 
and  Chamberland  using  filtered  cultures  ;  Kitasato  employs  old 
agar  cultures,  or  fresh  cultures  sterilised  by  steam  for  thirty  minutes. 
Crookshank  ^  brings  forward  evidence  tending  to  prove  that  the  effi- 
cacy and  safety  of  protective  inoculation  are  not  fully  established. 

There  is  sometimes  a  difficulty  in  distinguishing,  microscopically, 
B.  anthracis  from  the  organism  of  symptomatic  anthrax.  The 
following  table  may  therefore  be  useful : — 

Anthrax  Symptomatic  Anthrax  {Ratischbraml) 

Cultures. — Mainly  aerobic,  but  typi-  The  organism  of  quarter  evil  is 
cal  fir-tree  growth  occurs  in  stab  gala-  strictly  anaerobic,  and  will  not  gi-ow  in 
tine,  with  liquefaction  of  the  medium,  contact  with  the  air.  The  cultures  have 
The  cultures  have  no  odour.  The  or-  a  characteristic  rancid  odour.  The  or- 
ganism is  non-motile.  ganism   is   actively  motile,  until  the 

occurrence  of  spore  formation. 


Bacteriology  and  Infective  Disease,  pp.  219:  220. 
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Anthrax 

Film  jyi-cparatio>is.-The  bacilli  vary 
in  length  from  2«,  or  3^,  to  20^.  or  even 
35>.;  frequently  very  long  threads  are 
seen,  when  the  organisms  are  obtamed 
direct  from  the  tissues,  or  blood,  ot  the 
animal.  The  bacilli  are  seen  to  be  short 
rods,  more  or  less  square  at  the  ends. 
When  carefully  examined  under  high 
magnification,  the  organism  is  not  infre- 
quently seen  to  be  slightly  thicker  at  the 
ends  than  in  the  rest  of  its  length,  and 
its  extremity  is  slightly  concave,'  so  that 
two  apposed  bacilli  have  a  somewhat 
knotted,  bamboo-like  appearance.  The 
spores,  being  central,  not  terminal,  do 
not  produce  a  paddle-  or  club-shaped  ap- 
pearance ;  and,  in  the  tissues  of  the  living 
animal,  spore  formation  is  never  found. 

The  organism  is  stained  by  Gram's 
method. 


Symptomatic  Anthrax  (Bauschbrand) 

The  bacilli  have  rounded  extremities ; 
they  are  often  single,  and  occasionally 
paired,  but  have  no  tendency  to  form 
very  long  threads,  though  sometimes, 
they  are    considerably  curved.  The 
spores  are  frequently  formed  at,  or  near, 
one  extremity,  when  the  bacillus  has  a 
somewhat    paddle-shaped  appearance. 
Spore   formation,  though  not  always 
present  immediately  after  death  in  the 
tissues  of  the  animal,  readily  occurs  m 
from  20  to  24  hours. 


The  organism  is  decolorised  by 
Gram's  method. 


LESSON  XXI 

MALABIA  AND  BLACKWATER  FEVEB.     AMCEBIC  DYSENTEBY. 
PSOBOSPEBMOSIS.     PAGET'S  DISEASE  OP  THE  NIPPLE.  CANCEB 

Make  film  preparations  of  blood  from  a  patient  suffering  from  an 

attack  of  Ague,  as  follows 

A.  Presh  preparations.— (i)  Carefully  cleaned  coverslips  are  fixed 

in  Cornet  forceps  and  kept  at  hand. 

(ii)  The  pulp  of  one  of  the  patient's  finger-tips  (the  skin  of  the 
ear  is  recommended  by  some)  is  carefully  cleansed  with,  successively, 
soap  and  water,  turpentine,  alcohol,  and  ether,  the  two  last-mentioned 
being  merely  poured  on.  The  skin  is  allowed  to  dry  by  evaporation 
of  the  ether.  The  cleansed  finger  is  held  between  the  investigator's 
left  index  finger  and  thumb,  the  pressure  of  the  latter  causing  the 
pulp  of  the  finger  to  become  congested,  so  that  the  sHghtest  stab 

'  See,  however,  p.  136. 
If  malaria  blood  is  not  obtainable,  these  methods  of  preparing,  fixing,  and 
staining  films  may,  with  advantage,  be  practised  with  normal  blood. 
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with  a  needle-previously  sterilised  in  5  p  c  carbolir  ^ni^    o  a 
then  placed  in  boiled  water-causes  the  blood  to  appear  Thei 
no  need  to  wind  a  tape  round  the  finger,  as  a  rule  ' 

The  first  drop  of  blood  which  appears  is  wiped  off,  and  when  a 
..r,  second  drop  has  been  squeezed  out,  the  cove^sl  p  i 

applied  to  It,  and  at  once  placed  on  a  clean  slide 

Prolonged  search  with  a  ,V-in.  oil-immersion  is  to  be  made 
for  i^e  Plasmodmm  malarics,  frequently  pigmented  and  actively 
motile  mside  the  red  corpuscle.  If  such  parasites  are  found  it  is 
desirable  to  make  a  hanging-di^op  preparation  in  the  way  recom- 
mended  by  Mason  (see  below)  from  a  fresh  drop  of  blood,  so  as  to 
study  the  development  of  fiagella,  which  only  occurs  after  the  blood 
has  been  shed  for  at  least  twenty  minutes. 

B  Permanent  preparations.-(I.)  Prepare  films  for  staining  in 
one  of  the  following  ways  ;-(i)  The  drop  of  blood  is  collected  on  a 
covershp  as  above.  A  second  coverslip  is  apphed  to  this,  and  a  thin 
film  IS  produced  by  rapidly  drawing  them  apart.  The  covershps  are 
dried  by  waving  rapidly,  film  side  down,  in  the  air. 

(ii)  Collect  a  small  drop  of  blood  at  one  end  of  a  clean  glass  sUde 
This  may  be  spread  with  the  edge  of  a  clean  coverslip,  which  is 
inclined  at  an  angle  of  about  45°  to  the  slide  and  rapidly  drawn 
across  it  from  end  to  end. 

Hye7n  prefers  to  use,  instead  of  the  coverslip,  a  thin  glass  rod 
which  is  swept  rapidly  along  the  slide,  so  that  the  small  drop  of 
blood  at  one  end  is  spread  out  into  a  uniformly  thin  layer  over  the 
whole  slide. 

Dry  in  the  way  just  described.     Fixation  is  accomplished  by  one 
of  the  methods  to  be  mentioned. 

(iii)  Hanson's  method  gives  excellent  results,  and  cdnsists  in  col- 
lecting a  drop  of  blood  on  a  piece  of  thin  tissue  paper  {e.g.  cigarette 
paper).  This  is  then  laid  down  near  one  edge  of  a  clean  coverslip. 
The  paper  is  allowed  to  come  into  contact  with  the  glass,  and  the 
blood  spreads  by  capillary  attraction  for  some  distance  over  the 
surface.  A  uniformly  thin  layer  is  now  produced  if  the  paper— whilst 
kept  practically  in  the  same  plane  as  the  glass— is  drawn  along  with 
a  sliding  movement.  A  series  of  films  should  now  be  made  from 
the  same  jnece  of  paper,  similarly  applied  and  drawn  along  other 
coverslips  placed  ready  for  use. 

Dry.    Fix,  in  one  of  the  ways  now  to  be  described. 
(II.)  Methods  of  fixation.— Practise  each  of  the  following  methods, 
and  note  which  gives  the  best  results. 

(a)  Pass  the  dried  coverslip  three  times  rapidly  through  the  flame. 
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(b)  Expose  the  coversUp,  side  down,  to  the  open  mouth 
of  a  blttircoatau.ing  1  per  cent,  osmic  acid  solution  for  two  m.nutes  , 
this  is  an  excellent  method,  preferred  by  Hyem. 

c)  Place  the  dried  coverslip  in  a  closed  jar,  contammg  equal 
narts  of  absolute  alcohol  and  ether,  till  required  for  use.  _ 
'    (^)  Place  moist  film  preparations,  for  half  an  hou.^  or  more,  m  a 
saturated  solution  of  corrosive  subhmate,  made  with  boihng  normal 
salTsolItion.    Subsequent  prolonged  washing  in  normal  salt  solution 

water  is  necessary  in  this  case.  .  1 90°  P  to  140°  C  for 

(e)  K:eep  the  film  in  a  hot-air  chamber  at  120  O.  to  i4U  ^.  tor 
fifteen  to  thirty  minutes.    This  is  one  of  the  best  methods  _ 

Where  fresh  blood  can  be  examined  from  a  patient  it  is  not 
necessary  to  stain,  the  characteristic,  generally  pigmented  and  fre- 
quently very  motile,  plasmodial  body  being  remarkably  distinct  even 
in  the  unstained  condition.  Use  the  ^V^n.  oil-immersion  lens  for 
the  examination.    In  India,  a  water-immersion  lens  is  com- 

monly used.  No  specimen  should  be  passed  by  without  at  least  half 
an  hour's  careful  search,  according  to  Manson. 

(III).  Methods  of  staining.— Films  may  be  stained,  after  fixation 
as  above,  in  each  of  the  following  ways  :— 

(i)  Use  a  satm^ated  watery  solution  of  methylene  blue  for  five 
minutes,  and  wash  well.    Dry  and  mount. 

(ii)  Stain  with  a  1  per  cent,  watery  solution  of  eosin  for  five 
minutes,  wash  thoroughly,  and  then  expose  to  saturated  watery 
methylene  blue  for  two  to  three  minutes.  Wash  well,  dry,  and 
mount.  This  gives  excellent  results  ;  the  red  blood  corpuscles  and  the 
eosinophile  and  basophile  granules  are  stained  pink,  the  nuclei  of  the- 
white  corpuscles  are  stained  blue,  the  plasmodia  in  the  red  corpuscles 
being  also  stained  blue.  The  plasmodia  are  distinguished  from  nuclei 
by  their  shape,  and  by  the  presence  of  pigment,  generally. 

(iii)  Tenner's  combined  eosin  and  methylene-blue  stain.— After 
one  to  two  minutes'  exposure  to  the  stain,  wash  till  a  pink  tint 
appears.  Dry  and  mount.  This  rapid  method  gives  quite  good  results. 

(iv)  Ehrlich-Biondi  solution.— Exposure  for  half  an  hour,  with 
subsequent  rinsing,  gives  very  pretty  results,  Muir  and  Eitchie 
recommending  the  specimen  to  be  examined  without  previous 
mounting  in  Canada  balsam.  (To  stain  sections,  see  p.  257.)  The 
nuclei  are  stained  a  greenish-blue,  the  oxyphile  granules  red,  the 
so-called  '  neutrophiles '  purple,  the  basophiles  being  unstained. 

(v)  Ehrlich's  hsematoxylin. — Expose  for  one  minute  ;  wash  well  in 
distilled  water;  place  in  a  2  per  cent,  solution  of  acetic  acid  for 
three-quarters .  to  one  minute,  and  then  thoroughly  wash  in  tap 
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water.    It  may  be  left  in  this  for  half  an  hour  or  more  without  harm 
Counter-stam  with  1  per  cent,  watery  eosin  for  one  minute.  After 
thoroughly  washing  the  coverslip,  it  is  dried  and  mounted  as  usual. 
All  nuclei  and  plasmodia  are  stained  blue. 

Malaria  and  the  Plasmodium  Malaei.® 

The  Plasmodium  malariae.— If  the  blood  of  a  patient  suffering  from 
a  fit  of  ague  be  examined,  unstained,  just  before,  or  during,  the  stage 
of  rigor,  a  variety  of  appearances  may  be  seen.i  In  between,  and 
perhaps  sticking  to,  the  red  corpuscles  are  seen  dear,  and  sometimes 
slightly  pigmented,  rounded,  bodies  of  small  size,  which  in  other  places 
may  also  be  seen  inside  the  red  corpuscle.  To  such  a  clear  pigmented, 
or  unpigmented,  vacuole-hke  body  the  name  of  Plasmodmm  malard 
is  given,  and  it  is  considered  to  be  not  merely  associated  with,  but  the 
actual  cause  of  the  disease. 

If  these  intra-corpuscular  bodies  are  studied  (fig.  126)  it  will  be 
noticed  that  they  enlarge  and  vary  in  shape,  the  outhne  is  irregular, 
the  mass  of  protoplasm  of  which  they  are  composed  possessing  amoe- 
boid movements.  As  the  plasmodium  gets  larger,  the  pigment  also 
increases  in  size  ;  and,  from  being  irregularly  scattered  through  the 
body,  becomes  regularly  arranged  round  the  periphery,  and  subse- 
quently takes  up  a  central  position.  The  plasmodium  now  appears  to 
move  towards  the  limiting  wall  of  the  corpuscle,  and, — either  at  this 
stage,  or  subsequently, — shows  signs  of  division  into  segments,  the 
various  segments  meeting  by  their  apices  in  the  dark  pigmented  centre. 
A  dot  of  pigment  then  appears  in  the  centre  of  each  segment.  This 
is  known  as  the  rosette  stage. 

The  segments  then  separate  from  each  other ;  so  that  in  the  place 
of  one  body  we  now  have  several ;  and,  as  has  been  stated,  this  seg- 
mentation may  occur  inside  the  red  corpuscle,  or  outside.  In  the 
former  case,  they  appear  to  escape  through  the  corpuscle  without 
rupturing  it,  and  the  blood  once  more  contains  numbers  of  very  small 
spore-like  bodies,  such  as  have  been  studied  already,  and  which  now 
undergo  the  same  series  of  changes  as  before  described. 

If  the  blood  be  examined  freshly,  one  of  the  most  striking  features 
about  such  a  pigmented  plasmodial  body  present  in  the  red  corpuscle 
is  the  activity  with  which  the  pigment  granules  appear  to  move  in 

'  See  the  account  given  in  the  Brit.  Med.  Joicrnal,  1893,  by  Manson,  who  has 
arranged  the  malaria  parasites  so  as  to  illustrate  these  various  phases  of  the 
life-cycle.  This  coloured  plate  can  now  be  obtained,  mounted  on  cardboard,  ivom 
the  publishers,  Messrs.  Bale,  Sons,  &  Danielsson,  Ld.,  Great  Titchtield  Street,  W. 
Eefer  also  to  the  beautifully  coloured  illustrations  in  Mansson's  Manual  of  Tro- 
pical Diseases,  2nd  edition,  1900. 


LAVERAN'S  CRESCENTS.    FLAGELLATE  BODIES  243 

circles,  the  planes  of  which  are  at  right  angles  to  that  of  the  cor- 
pusc  e  in  question.  This  can  readily  be  seen,  and  :s  an  important 
pit.  It  serves  at  once  to  confute  views,  which  have  been  expressed, 
L  to  the  origin  of  these  plasmodia  by  the  breakmg-up  of  the  proto- 
plasm of  the  leucocytes  present  in  the  blood 

Laveran's  crescents.-In  certain  other  forms  of  the  disease,  the 
crescentic  bodies  of  Laveran  {Laveran^s  crescents)  are  seen ;  each 
oric^inates  as  a  somewhat  oval,  vacuole-hke,  plasmodial  body,  lymg 
within  a  red  corpuscle,  which  gradually  enlarges  and  becomes  crescent- 
shaped  the  remnant  of  the  original  corpuscle  subsequently  appearmg 
to  just  fiU  in  the  space  between  the  two  horns  of  the  crescent  (see 
fig.  127,  drawn  from  a  specimen  kindly  given  me  by  Dr.  Patrick 

Manson,  O.M.G.)  . 

FlageUate  bodies.— If  the  unprepared  blood  be  examined,  pre- 
ferably in  the  form  of  a  hanging  drop,  it  will  be  noticed,  after  a 
minimum  period  of  twenty  minutes  has  been  aUowed  to  elapse,  that 
besides  the  above-mentioned  appearances,  flagellate  bodies  come  into 
view.    They  are  derived  mainly  from  the  Laveran's  crescents,  which 

A  leucocyte  (drawn  for  comparison)  Leucocyte 


Fig.  126.-  Plasmodium  malabi,i5  with- 
in RED  CORPUSCLES.      X  630 


Fig.  127. — laveran's  chbscexts  and  a 

SINGLE  'ring  FOEM'  OF  PLASMODIUM 
MALARIiE     WITHIN    EED  COEPUSCLES. 
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Straighten  out,  then  swell  into  elliptical  forms,  and  finally  become 
spheres  (p.  244).  The  pigment  is  described  as  occupying  a  central 
position  at  this  stage,  and  suddenly  three  or  four  processes,  or  flagella, 
appear  to  dart  through  the  limiting  wall  of  the  plasmodium.  These 
after  some  time  become  detached,  and  move  about  independently. 

Flagellate  bodies,  which  are  seen  in  all  known  varieties  of  malarial 
parasites  (p.  246),  may  also  arise  from  forms  of  the  plasmodium, 
which,  instead  of  passing  on  to  the  rosette  stage  and  breaking  up 

E  2 
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into  spore  forms  as  usual,  pass  out  of  the  corpuscle  unchanged  The 
peripherally  arranged  pigment '  then  becomes  deposited  more  towards 
the  centre  ;  the  plasmodial  body  swells  into  a  sphere,  from  which 
flagellate  processes  in  due  course  appear. 

Flagellate  bodies  are  best  demonstrated  by  Hanson's  method  A 
blottmg-paper  cell  is  first  prepared  by  cutting  a  sHt,  a  little  larger 
than  the  film  to  be  made,  in  a  thick  piece  of  blotting-paper  the  size 
ot  a  glass  slide,  upon  which  it  is  placed  and  then  moistened.  Minute 
almost  pin-point,  drops  of  malarial  blood,  known  to  contain  Laveran's 
crescents  in  good  number,  are  then  collected  on  another  clean  sUde 
previously  moistened  by  breathing  on  it.  By  means  of  a  needle,  the 
blood  is  made  into  a  film  about  i  to  |  inch  in  circumference,' and 
the  slide  is  at  once  inverted  and  pressed  down  on  to  the  blotting- 
paper  cell.  The  two  glass  slides,  with  intervening  blotting-paper, 
should  be  kept  under  a  bell-jar.  After  ^  to  |  hour  the  film  is  dried 
gently,  and  fixed  in  absolute  alcohol  (five  minutes'  exposure).  The 
hae.moglobin  is  washed  out  by  dropping  on  15  per  cent,  acetic  acid ; 
the  film  is  well  washed  in  water,  and  stained  for  six  hours,  or  longer, 
in  20  per  cent,  carbol-fuchsin.  It  is  then  washed,  dried,  and  mounted, 
as  usual.  ' 

Conveyance  of  malaria  by  the  agency  of  mosquitos.=— In  1891  Laveran  sug- 
gested  that  possibly  the  mosquito  might  subserve  the  malaria  parasite  much  in  the 
same  way  that  it  had  been  shown  to  subserve  Filaria  nocturna.  Manson,  in  1894 
and  1896,  adopted  and  extended  this  view,  concluding  that  some  extraneous  agency 
—namely,  the  mosquito— is  required  to  remove  the  malarial  parasite  from  the 
blood ;  that  after  ingestion  the  parasite  assumes  locomotive  characters  and  pene- 
trates the  tissues  of  the  mosquito ;  that  it  becomes  parasitic  for  a  time  in  this 
insect ;  and,  just  as  with  the  filaria,  that  only  members  of  one  particular  species  of 
mosquito  (genus  Anopheles)  are  effective  hosts. 

Major  Boss,  I.M.S.,  has,  by  means  of  numerous  observations  and  experiments, 
thoroughly  established  these  views  :  in  part,  as  regards  the  malaria  parasites  of 
man ;  and  completely,  as  regards  one  of  the  malaria-like  parasites  (proteosoma)  of 
birds.    Observations  subsequently,  in  Italy  and  elsewhere,  have  served  to  confirm 

'  The  pigment,  it  should  be  stated,  is  derived  from  the  haemoglobin  of  the  red 
corpuscles,  which  accounts  for  the  antemic  and  cachectic  appearance  of  patients 
who  have  suffered  from  the  disease.  After  the  attack,  the  pigment  becomes 
deposited  in  the  various  organs  of  the  body— the  liver,  spleen,  kidney,  &e.  The 
rosette  forms  may  not  be  found  in  films  prepared  from  the  circulating  blood,  though 
they  may  be  present,  often  in  large  numbers,  in  the  capillaries  of  the  brain  and  in 
the  spleen  (see  Malignant  Tertian  Ague,  p.  247). 

The  following  condensed  account  of  recent  investigations  is  taken  from  the 
Appendix  on  '  Malarial  Fever,'  by  Dr.  Patrick  Manson,  vol.  viii.,  Clifford  Allbutt's 
System  of  Medicine.  The  article  should  be  consulted  for  details,  e.g.,  as  to  how  the 
'  travelling  vermicule  '  eventually  gives  rise  to  the  '  flagellulje  '  subsequently  men- 
tioned above. 


MOSQUITOS  AND  MALARIA  ^45 
.„d  extend  Ross's  work.  MacCalUun  has,  amongst  British  observers,  also  made 
important  investigations  ^^.^^  ^  „,3e  of  malaria  containing  the  crescent 

.  ""rof  nltue  is  i  sted  by  ;  ^o'quito,  the  crescents  rapidly  become  spheres. 
S  manrof  te^^then  throJ  out  flagella,  a  process  conveniently  tenned  cfia- 

''"MiTcallum  has  demonstrated  the  fact  that  in  certain  birds  another  malaria] 
mra  Te  hreridium)  shows  similar  changes,'  but  the  spherical  bodies  formed 
C  the  c^scent  bodies,  as  described  in  the  case  of  nian  are  of  two  kinds  on 
being  hyaline,  the  other  gi'anular,  and  that  only  the  hyahne  spheres  proceed  to 
exra-Sion.  They  are  therefore  regarded  as  representing  the  male  element. 
The  flag^'a  separate  fi-om  the  hyaline  spheres,  and,  by  a  wrigghng  eel-hke  move- 
ment they  at  once  make  for  the  granular  spheres  or  female  element,  and  at  emp 
tTbo^e  their  way  inside.  Only  one  flagellnm  eSects  an  entrance,  and  this  is 
followed  by  a  temporary  disturbance  of  the  contents  of  the  sphere.  • 

The  shape  of  the  sphere  subsequently  becomes  elongated  and  pointed,  or  beaked, 
at  one  ext;emity,  so  as  to  resemble  '  the  blade  of  a  bix^ad-headed  spear  The 
pic^ent  collects  at  the  broader  posterior  end,  and  the  little  body  point  first  darts 
about,  and  in  this  way  enters  a  red  or  white  corpuscle.  It  is  spoken  of  as  a  travel- 
Una  ^errmcide.  By  its  powers  of  penetration  it  can  pass  out  from  the  blood  ingested 
into  the  mosquito's  stomach  through  that  viscus,  so  as  eventually  to  give  rise  to  a 
wart-Uke  prommence  on  its  outer  surface,  projecting  into  the  body  cavity  of  the 
insect.    In  this  stage  it  is  pigmented  and  soon  acquires  a  capsule.  _ 

Spindle-shaped  filaments,  or  flageUulse,  arise  in  connection  with  minute  spheri- 
cal bodies  forming  within  the  capsules  of  the  numerous  wart-like  projections. 
Finally,  on  the  rupture  of  the  capsules,  after  from  six  days  to  three  weeks,  the 
flagellulffi  are  carried  by  the  blood  to  the  veneno-salivary  gland  in  the  head  of  the 
mosquito.  This  gland  communicates,  by  means  of  a  long  duct,  with  the  base  of  the 
middle  stylet  or  lingula  of  the  mosquito,  and  in  this  way  the  flagellula  is  injected 
into  the  tissues  of  a  bitten  animal.  The  flagellula  rapidly  develops  into  the  fully 
foi-med  malaria  organism,  and  withm  a  week  or  ten  days  of  injection  the  infected 
animal  shows  unmistakable  evidence  of  this,  its  blood  now  presenting  the  charac- 
teristic parasite. 

In  considering  the  mode  of  infection  by  malaria  parasites  the 
following  facts,  now  fully  established,  should  be  borne  in  mind  :— 

(i)  They  are  invariably  present,  in  some  form  or  other,  in  the 
disease. 

(ii)  Though  they  have  not  been  cultivated  in  the  ordinary  way, 
intravenous  injection  in  the  blood  taken  from  a  patient  during  an 
attack  of  ague  produces  in  a  healthy  individual  a .  similar  attack  ; 
and  there  is  evidence  to  show  that  multiplication  of  the  organism 
occurs  in  the  blood  of  the  person  so  treated,  though  mere  contact  with 
a  diseased  patient  never  brings  about  the  infection. 

(iii)  A  healthy  person  entering  certain  regions  never  previously 
visited  by  man  may  acquire  the  disease,  low-lying  marshy  districts 


'  It  must  be  borne  in  mind,  throughout,  that  the  changes  described  are  in  the 
case  of  malaria  blood  ingested  into  the  stomach  of  the  mosquito. 
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being  well  known,  especially  at  certain  seasons  of  the  year  to  be 
particularly  dangerous.    The  disease  has  also  been  known  to  arise  in 
large  cities  in  certain  parts  of  the  world,  when  the  soil  of  low-lying 
and  previously  marshy,  districts  has  been  disturbed  by  excavations 
for  building  purposes,  &c. 

Direct  infection  through  the  air,  and  as  the  result  of  drinking 
water  m  malarial  districts,  seems  undoubtedly  to  occur,  apart  from 
any  question  of  inoculation  by  the  bite  of  a  plasmodium-bearing- 
mosquito. 

Varieties  of  Malaria  Parasites 

Malaria  parasites  may  be  distinguished  according  to  the  time- 
required  for  the  formation  of  spores,  and  their  liberation  into  the 
circulation.  When  the  complete  cycle  takes  24  hours,  the  parasite, 
like  the  type  of  fever  it  produces,  may  be  termed  quotidian.  If  it 
requires  48  hours,  it  is  a  tertian ;  and  if  72  hours,  it  is  a  quartan 
parasite. 

They  may  also  be  arranged  according  to  the  type,  severe  or  other- 
wise, of  the  fever  they  produce,  quartan  and  the  ordinary  form  of 
tertian  being  classed  together  as  comparatively  mild  forms,  whilst 
the  quotidian  and  malignant  tertian,  and  other  irregular  and,  gene- 
rally, more  severe,  types  of  fever,  may  be  embraced  in  a  second  broad 
division.^ 

First  division. — -This  includes  the  so-called  winter-spring  parasites. 
(i)  Tertian  ag-ue  (benign  form).— The  fever  appears  at  intervals  of 
48  hours,  corresponding  with  the  liberation  of  a  fresh  brood  of  spores 
into  the  circulation.  The  amoeboid  movements  of  the  parasite  within 
the  red  corpuscles  are  very  active,  more  so  than  in  the  case  of  quartan 
ague.  The  dots  of  pigment  are  very  fine,  and  the  flagellate  processes 
are,  as  a  rule,  more  delicate  than  in  the  quartan  type.  The  red  cor- 
puscles thus  invaded  swell  up  and  become  paler  than  those  around. 
When  the  sporulation  stage  is  reached  there  is  a  central  spot  of  pigment, 
around  which  a  portion  of  clear  protoplasm  remains ;  the  peripheral 
portion  of  the  plasmodium  segments  up  into  15  or  20  rounded  spores. 

(ii)  Quartan  ague. — There  are  two  entire  days  between  the 
febrile  attacks,  i.e.  an  interval  of  72  hours  between  successive 
paroxysms ;  and  this  again  agrees  with  the  time  required  for  the 
parasite  associated  with  it  to  pass  through  its  various  stages  of 
development.  The  amoeboid  movements  of  the  plasmodial  bodies 
within  the  red  corpuscles  are  not  nearly  so  active  as  in  the  tertian 

'  Illustrations  of  these  types  of  parasites,  with,  and  without,  attached  flagellate 
processes,  are  to  be  seen  figured  in  Muir  and  Ritchie's  Manual  of  Bacteriology,  and 
I  have  followed  the  classification  adopted  by  these  writers. 
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variety. 
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The  benign  tertian  and  quartan  parasites  may  be  as  large  as,  oi 
a  slightly  larger  than,  an  average-si.ed  red  corpuscle 
Quartan  parasites  may  not  all  mature  at  the  same  time.  They 
:nay  develop  in  two  groups,  the  cycle  of  the  first  endmg  twenty  W 
hoirs  before  that  of  the  second.    One  clear  day,  free  xom  feve 
intervenes  before  the  next  cycle  of  the  first  group  is  --P^^j^^^  .^h^^ 
produces  the  double  quartan  type  of  fever-two  days  of  fever  and  one 
div  free    The  triple  quartan  type  is  similarly  explamed  as  bemg  due 
tLee  sets  of  parasites  completing  their  cycles  on  th-^BUCces^^^^^^^ 
days,  the  daily  liberation  of  spores  giving  rise  to  daily  febrile  attacks. 
So  for  other  types  of  parasites. 

Second  division.— This  includes  the  more  severe  and  mahgnant 
tj^es  in  which  Laveran's  crescents  occur  {summer-autumn,  or 
CBstivo-axotwnnal  group  of  Marchiafava  and  Bignami). 

(i)  Quotidian  ague.— In  the  common  tropical  variety  of  malarial 
fever  the  febrile  attack  recurs  at  intervals  of  24  hours,  corresponding 
accurately  with  the  time  required  for  the  complete  maturation  cycle 
of  the  parasite  found  associated  with  it,  which  is  stated  to  be  only  about 
one-third  the  size  of  the  red  corpuscle  it  has  invaded.  In  this  and  the 
next  type  of  fever  a  quiescent  '  ring.form '  (figs.  126  and  127)  is  some- 
times seen,  in  which  the  pigment  collects  in  a  circle,  being  more  marked 
on  one  side  ;  and  there  may  also  be  a  central  ill-defined  spot.  The 
spores  are  very  minute,  and  usually  number  from  6  to  8,  the  segmenta- 
tion occurring  almost  entirely  in  the  viscera,  spleen,  kidneys,  hver,  &c. 

An  uningvientecl  quotidmn  is. known;  as  also  a  fever  of  quotidian 
tijpe  resulting  from  the  presence  of  tertian  parasites  exhibiting  two 
cycles  of  maturation  separated  by  an  interval  of  twenty-fom'  hours. 

(ii)  Malignant  tertian  ague.— The  febrile  attacks  occur  at  intervals 
of  48  hours,  the  time  required  for  the  complete  development  of  the 
parasite,  which  is  very  similar  in  appearance  to  the  quotidian  form. 
Pigmentation  has  sometimes  been  noticed  to  be  delayed  for  the  first 
24  hours.  The  amoeboid  movements  of  the  parasite  are  very  marked  ; 
but  quiescent  ring  forms  occur  in  both  quotidian  and  malignant  tertian 
types.  Death  generally  occurs  by  coma,  the  capillaries  of  the  brain,  as 
well  as  those  of  the  spleen,  being  packed  with  pigmented  parasites  at  all 
stages  of  spore  formation,  occupying  the  interior  of  the  red  corpuscles. 
In  both  the  quotidian  and  mahgnant  tertian  forms  the  parasite  is 
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only  about  §  the  size  of  the  invaded  'red  corpuscle,  and  sporulation 
IS  irregular,  no  definite  rosette,  so  noticeable  in  the  benign  tertian 
and  quartan  types,  being  seen. 

There  is  yet  much  work  to  be  done  in  connection  with  the  fevers 
of  n-regular  type;  some  of  these  may  be  explained,  perhaps,  on  the 
Imes  already  mdicated,  as  being  due  to  groups  of  the  same  parasite 
maturmg  at  different  intervals  ;  or  they  may  be  due  to  a  mixture  of 
the  different  parasites  already  described ;  and  some  may  be  due  to 
parasites  not  yet  discovered.  In  this  connection  a  brief  account  may 
be  given  of  the  disease  called  '  Blackwater  Fever.' 

Blackwater  Fever,  or  Hsemoglobinuric  Fever 

This  disease,  although  specially  prevalent  in  tropical  West  Africa, 
and  therefore  frequently  spoken  of  as  '  West  African  Fever,'  is  also 
well  known  on  the  Zambesi  and  in  British  Central  Africa,  as  well  as 
in  tropical  parts  elsewhere. 

It  is  defined  by  Crosse  '  as  '  a  febrile  disease  of  malarial  type, 
characterised  by  haemoglobinuria,  jaundice,  and  vomiting.' 

Koch  considers  that  blackwater  fever  itself  cannot  be  malarial,  as 
parasites  are  absent  in  more  than  half  the  cases ;  and  there  may  be 
none  of  the  [relapses  which  are  so  common  in  true  malaria.  He 
admits  that  it  is  pretty  frequently  associated  with  malaria,  to  previous 
attacks  of  which,  and  not  to  the  disease  in  question,  must  be  attributed 
the  pigment  granules  found  in  the  various  organs. 

Crosse  suggests,  that  the  condition  is  one  of  'intoxication  of 
malarial  origin.'    A  coloured  plate  illustrates  his  paper. 

Tsetse  Fly  Disease 

Tsetse  fly  disease. — It  may  here  be  mentioned  that  recent  obser- 
vation has  shown  that  a  somewhat  similar  hsematozoon  to  that 
causing  malaria  is  found  in  animals  suffering  from  the  tsetse  fly 
disease,  which  attacks  cattle  passing  through  certain  belts  of  country 
in  Africa,  so  that  large  expeditions  have  frequently  had  to  turn  back, 
owing  to  the  difficulty  in  transport  thereby  entailed.  It  has  long  been 
known  that  the  sickness  is  produced  as  the  result  of  the  animals  being 
bitten  by  the  tsetse  fly,  but  its  modus  operandi  has  only  lately  been 
demonstrated.  The  insect  conveys  in'  its  body  the  organisms  from 
previously  diseased  cattle,  and  on  biting  a  healthy  animal  it  conveys 
into  its  blood  the  hsematozoon,  and  so  the  disease  is  inoculated.  The 
animal  rapidly  sickens  and  wastes,  a  fatal  result  being  almost  inevitable. 


'  '  The  Histology  and  Prevention  of  Blackwater  Fever,'  Lancet,  Jan.  9,  1900. 
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In  the  blood  when  examined,  a  very  motile,  elongated  plasmodial 

symptoms  of  sickness,  wasting,  &c..  resultmg  m  each  case. 

Amoebic  Dysentery 

AmcBbic  dysentery.-In  certain  forms  of  tropical  dysentery  large 
auantities  of  a  species  of  amcBba  have  been  found  m  the  contents  o 
Te  CO  on  the  mucous  membrane  of  which  is  deeply  congested  and 
U  e?atd     The  amoeb.  may  penetrate  into  the  walls  of  the  mtes- 
le  and,  passing  through  these,  reach  the  neighbourmg  structures 
Id  so  e;entually  arrive  at  the  liver.    In  the  hver  abscesses,  which 
may  subsequently  follow  such  cases   of  dysentery  the  pus  is  fre- 
quently found  to  contain  the  same  species  of  amoeba.    It  has  been 
noticed  that,  although  the  pus  first  coming  from  such  a  liver  abscess 
may  contain  few  or  no  amoebae  on  the  first  day  of  examination,  the 
subsequent    discharge    from  the 
wound  may  contain  large  numbers. 
This  has  been  attributed  to  the 
breaking-down  of  the  abscess  walls 
into  which  these  organisms  pass. 

The  parasites  are  readily  de- 
tected in  a  hanging-drop  prepara- 
tion.   A  warm  stage  should  be  em- 
ployed, so  that  the  characteristic, 
actively  motile,  amoeb£e  maybe  seen 
darting  across  the  field  of  the  micro- 
scope ;  as,  when  dead,  they  are  not 
so  readily  recognised  in  unstained 
pus.    They  may  be  seen  with  a  one- 
sixth  objective.    They  vary  greatly 
in  size,  many  being  from  four  to 
five  times  the  diameter  of  a  blood 
corpuscle,  and  others  being  considerably  larger.    They  are  round  or 
oval  in  shape,  but  may  be  elongated  so  that  their  length  is  from  2  to 
2i  times  their  breadth.    The  outhne  is  generally  fairly  well  defined, 
afthough  it  may  be  faint  and  indistinct.    There  is  generally  a  central, 
larger,  very  granular  part  containing  a  nucleus,  with  nucleoli,  and, 
frequently,  vacuoles  or  clear  spaces,  containing  darker  central  granules, 
or  food  particles.    A  narrow,  clear,  peripheral  zone  surrounds  the 


Fig.  128. — amcebic  dysenteey.    x  530 

Liver  pus,  coutaiuing  the  typical  amcebse. 
Hteinatoxylin  and  glycerine  preparation. 
(Kindly  presented  by  Mi-.  Thomas  Hart,  o£ 
the  Seaman's  Hospital,  Greenwich.) 


250 


ESSENTIALS  OF  PRACTICAL  BACTERIOLOGY 


cential  granular  portion.  In  the  restmg  condition,  a  round  or 
slightly  oval  form  is  assumed ;  but,  when  more  active,  protoplasmic 
processes,  or  pseudopodia,  are  given  off  in  various  directions,  and  it  is 
by  means  of  these  that  movement  is  effected  and  nutriment  absorbed 
As  will  be  seen  from  fig.  128  the  body  of  the  amceba  often  presents  the 
appearance  of  being  folded  upon  itself.  The  pseudopodia  arise  as 
prolongations,  or  processes,  from  the  outer,  clearer,  layer  of  the  amceba  • 
and,  subsequently,  some  of  the  inner,  more  central,  granular  matter 
flows  into  each  such  process. 

As  has  already  been  mentioned,  these  amceba  are  found  in  the  in- 
testinal contents  of  certain  cases  of  dysentery,  and  preparations  made 
show  them  enclosed  in  gelatinous  material.  Outside  the  body,  the 
amoebse  and  their  contents  rapidly  break  up,  so  that  the  conditions 
of  their  extra-corporeal  existence  are  not  yet  thoroughly  known. 

Encysted  forms  have  been  described  with  the  capsule  having  a 
double  contour,  the  nucleus  of  which  may  not  always  be  evident. 
Sections  of  the  liver  beyond  the  immediate  region  of  broken-down 
abscess  wall,  or  of  the  intestine  beyond  the  typical  undermined  ulcers 
containing  sloughs,  show  amoebae  in  large  quantities. 

Cultivations  have,  so  far,  not  been  successful  for  the  amcebge  found 
in  dysentery,  although  the  straw  infusion  at  first  advocated  by  Kartulis 
appears  to  be  a  favourable  medium  for  other  species. 

Eectal  injection  of  intestinal  contents  from  cases  of  amoebic  dysen- 
tery has  produced  in  cats  and  dogs  a  haemorrhagic  enteritis,  in  which 
the  amoebae  are  present  in  large  quantities,  the  wall  of  the  intestine, 
where  ulcerated,  being  invaded  with  these  organisms,  but  not  to  the 
same  extent  as  in  the  disease  when  affecting  man  (Kruse  and  Pas- 
quale). 

To  stain  coverslip  preparations.— The  organism  may  be  demon- 
strated by  allowing  a  drop  of  haematoxylin  to  diffuse  under  a  covershp 
preparation.  Glycerine  may  subsequently  be  allowed  to  diffuse  under 
the  coverslip,  which  is  then  sealed  down  by  painting  the  edges  with 
melted  paraffin. 

Another  good  method  is  in  use  at  the  Seaman's  Hospital,  Green- 
wich, and  I  am  indebted  to  Mr.  Thomas  Hart  for  the  following 
details  : 

Half  an  inch  of  pus  is  placed  in  a  test-tube  and  covered  with  about  four  inches 
of  a  solution  of  hcematoxylin.  The  tube  is  gently  shaken,  and  the  pus  allowed  to 
settle.  The  staining  fluid  is  then  poured  off,  and  the  pus  is  treated  similarly  with 
distilled  water,  and  then  with  tap  water.  A  little  glycerine  is  now  poured  down  to 
the  bottom  of  the  tube,  the  stained  pus  gradually  settling  down  into  it.  The  super- 
natant watery  fluid  being  removed  by  a  pipette  on  the  following  day,  film  pre- 
parations, already  stained,  can  be  made  from  the  sediment. 
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rrL^a  ooU,  in  it.  relation  ^  ^^^-^t  — Tors  ; 

and  the  relation  ol  these  lo  r  amasba  seen  in 

tropical  <lj-sentei-y  is  still  a  mattei  of  douM^    i  ^^^^ 

dyseotei-y  differs  from  tlie  '"^'''"\°°^J"^'°Z.er  granules  than 
;oints,  S^^^^^     oo%uscles.  It 

the  amoeba  och,  and  liequeniiy  a  „„„.i„ted  with  the  disease, 

is  obvious  that  tlie  amoeba  may  be  me  ely  '^^T^^^J^^  ^,^ti„„ed 
and  have  nothing  to  do  with  its  "^-'^f'lJ^^'JJ^^Zen  injeoted 

'''ThranlaTro  be 'several  different  types  of  ^Y-tery.  Ao- 
cordi     toZse  and  Pasquale  •  they  may  be  — ^"r. 
heads    (1)  Amcebic  or  ti-opioal  dysentery,  just  desonbed .  (2)  dysen 
of  th   drphtheritic  and  catarrhal  types,  in  which  -  --^a  -n 
he  found  probably  due  to  bacteria  of  different  kinds  ;  and  (3)  a  thud 
foriTnv'es^ald'by  Ogata,  in  which  the  bacillus  is  as  thin  as  th 
slbercnloA.  but  much  shorter  and  staining  by  Gram  s  method ,  it 
is  pathogenic  to  cats  and  guinea-pigs. 

Cantlie  however  divides  liver  abscesses  '  into  supra-  and  intra-hepatic  varieties 

?he  first  The  supra-hepatic  abscess  is  non-dysenteric  m  ongm,  the  pus  '^J^^'^' 
and  the  amcBba  coli  does  not  appear  in  the  pus  until  after  the  thn-d  day  of  draxn- 
age.'    (AUchin's  Manual  of  Medicine,  1900.) 

Psorospermosis,  and  its  Eelation  to  the  '  Cancer 
Parasite.' 

Psorospermosis,  or  Gregarinosis.-Psorosperms,  or  coccidia,  are 

oval  bodies,  belonging  to  the  class  of  Protozoa  {GregarimcU)  found 
in  large  numbers  in  the  opaque  white  patches,  of  u-regular  outline, 
so  commonly  found  in  rabbits  or  guinea-pigs. 

From  an  interesting  paper  ^  by  Sheridan  Delepine  and  Cooper  we 
may  quote  the  following  conclusions  :— 

(1)  Oviform  psorosperms  {Coccidium  oviforme)  are  invariably  present  in  the 
alimentary  canal  of  the  rabbit;  they  are  very  frequently  present  in  the  bile  passages 

1  See  Muir  and  Eitchie's  Manual  of  Bacteriology,  p.  532. 

-  Brit.  Med.  Journal,  October  l4, 1891  (sketches  and  statistics  are  given). 
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in  young  rabbits  from  firtn  tn  i  onn  ""^^  ^^^'"'^  *°  gi'^ater 

Del6pineappearstoshowthatalargenumber  of  rabbits  rppnvovf,  • 

may,  liowever,  undoubtedly  bring  about  fatal  lesions  .^oiospemis 

to  rlma^n  L'To^ft  "^'"^/^^  f  ^^^^^^ges  in  psorospenns  allowed 

to  lemain  24  to  48  hours  m  the  tissues,  after  the  death  of  the  affected  animal. 

5)  The  authors  have  not  so  far  observed  in  any  carcinomatous  tumour,  treated 
m  he  same  way  as  psorospeiinic  lesions,  any  change  comparable  to  those  so 
■easrly  observed  in  the  latter  cases  ;  but  the  presence  of  psorosperms  is  not  neces- 
sarily  a  sign  of  serious  disease. 

Cultivations.— Delepine  ^  recommends  the  study  of  the  develop- 
ment of  psorosperms  from  cultivations  made  from  rabbit  droppings 
m  water.  In  24  hours,  even  at  an  ordinary  temperature,  a  fair  pro- 
portion of  the  coccidia  exhibit  the  division  of  their  granular  contents 
into  2,  3,  4,  or  more  parts ;  and,  if  kept  at  the  temperature  of  the 
body,  division  occurs  even  more  quickly,  and  in  a  large  number  of 
psorosperms.  In  the  case  of  a  '  pure  cultivation '  of  this  kind 
made  from  a  liver  lesion  in  water,  and  not  from  the  intestinal  con- 
tents (which  form  a  truly  luxuriant  nidus  for  development),  such 
rapid  division  does  not  occur.  Owing  to  the  irregularity  of  division 
which  may  go  on,  the  resulting  segments  may  be  round,  oval,  pear- 
shaped,  equal,  or  rmequal.  They  exhibit  amoBboid  movements.  The 
ultimate  fate  of  such  a  divided  psorosperm  is  still  a  matter  of  doubt ; 
some  segments  appear  to  divide  up  still  further,  giving  rise  to  either 
round,  spore-like  bodies,  or  curved  rods,  termed  'falciform  bodies.' 

Methods  of  staining.— Acid  fuchsin,  or  rubin,  methylene  blue, 
osmic  acid,  iodine,  and  the  Ehrhch-Biondi  mixture  (see  p.  257)  are  all 
excellent  stains,  readily  demonstrating  the  parasite  at  different  stages 
of  development  from  the  surrounding  tissues.  The  only  part  of  the 
nucleus  which  takes  up  the  colouring  matter  easily,  in  hardened 
specimens,  is  the  nucleolus  (Euffer).  Delepine  considers  that  there  is 
a  close  general  resemblance  between  the  so-called  '  cell  inclusions  '  of 
cancer  and  the  psorosperms  or  coccidia.  Every  attempt,  however,  at 
developing  these  cancer  bodies  by  the  methods  which  so  readily 
succeeded  in  the  case  of  the  rabbit  psorosperm  had,  so  far,  only  given 
a  negative  result  (consult,  however,  p.  257). 

'  Loc.  cit. 
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Paget's  Disease  of  the  Nipple 

Paget's  disease  of  the  nipple.-This  disease,  which  was  first 
described  by  Paget,  and  investigated  microscopically  by  Buthn,  is 
one  of  the  gi-eatest  interest,  as  it  appears  to  be  a  link  between  the  con- 
dition known  as  psorospermosis  in  rabbits,  just  described,  and  cancer 
proper.  It  was  during  the  investigation  of  Paget  s  disease  of  he 
nipple  that  coccidia-like  parasites  were  first  found  in  the  epithelial 
cells  of  cancer;  and  it  was  consideration  of  the  appearance  presented 
by  the  epithelium  in  Paget's  disease  which  suggested  closer  investiga-_ 
tion  of  the  epithehal  cells  present  in  cancerous  tumours  (Watson 

Cheyne).  t    j  x  xi, 

Paget's  disease  simulates  an  eczema,  at  first  locahsed  to  the 
nipple^'and  areola,  whence  it  may  spread  over  the  surrounding  skin. 
Its  outUne  is   circular,  or  somewhat   sinuous,  the  characteristic 
appearance  being  a  bright  red,  raw,  and  somewhat  granular  surface 
covered  with  desquamating  scales  ;  in  the  centre  there  may  be  a 
crater-like  ulcer,  from  which  an  acrid  yellow  discharge  escapes. 
This  condition  may  last  for  years,  but  in  a  large  number  of  cases  a 
hard  nodule  subsequently  develops  beneath  the  eczematous-looking 
patch,  which  on  examination  proves  to  be  cancer,  for  the  most  part 
of  the  spheroidal  variety,  though  duct  cancers  have  been  noted  in  four 
cases.   Buthn  '  showed  the  primary  eczematous  condition  to  be  asso- 
ciated '  with  a  prohferation  of  the  deep  layers  of  the  epithelium,  with  a 
small  cell  infiltration  of  the  corium  of  the  areola,  dilatation  of  the- 
galactophorous  ducts,  and  a  prohferation  of  the  epithelium,  sometimes 
so  extreme  as  to  completely  choke  them.  Deeper  down,  the  epithelium 
of  the  acini  is  seen  to  be  proliferating,  and,  finally,  to  be  invading  the 
tissues  around.' 

Darier  and  Wickham  noticed  bodies  in,  and  between,  the  epithelial 
cells  of  the  skin,  which  were  considered  to  be  coccidiaor  psorosperms, 
to  which  they  attributed  the  disease.  Euffer,  Walker,  and  Plimmer  ^ 
have  since  shown,  however,  that  these  bodies  are  not  parasites,  but 
altered  cancer  cells,  invaginated  cells,  leucocytes,  &c.  Whether  the  con- 
dition first  noticed  in  the  nipple  is  really  a  malignant  dermatitis  from 
the  first,  as  has  been  suggested  by  Thin,  or  is  a  true  eczema  originally, 
is  a  matter  of  controversy  upon  which  we  need  not  further  dwell  here. 

'  Quoted  from  Erichsen's  Surgery,  vol.  ii.  p.  801. 
-  Practitioner,  April  189!). 
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The  Parasite  of  Cancer 

A  large  series  of  observations  have  been  made  by  British  and 
•Continantal  observers  with  a  view  of  establishing  the  parasitic  nature  of 
cancer,  and  the  appearances  seen  in  the  cancerous  cells  in  a  large 
number  of  cases  certainly  would  suggest  the  presence  of  such  an 
organism. 

According  to  Euffer,i  Soudakewitch  was  perhaps  the  hrst  to 
clearly  recognise  the  parasite  of  cancer.  Besides  a  large  number 
of  other  observers,  Buffer  and  Walker,  Plimmer,  Sawtschenko,  Fo^, 
.  Borell,  and  Galloway  have  recognised  similar  bodies  as  parasites, 
whereas  their  existence  as  such  has  been  strenuously  denied  by  Del6- 
pine,  Boyce  and  Giles,  and  others.  Darier  and  Wickham  had  earlier 
described  coccidia  in  cancer ;  but,  as  already  mentioned,  these  bodies 
have  since  been  shown  to  be  cancer  cells  more  or  less  altered,  leuco- 
cytes, &c.,  and  they  are  certainly  not  parasites.  Boyce  and  Giles  ^ 
are  equally  positive  that  the  supposed  parasites  in  the  cancer  cells 
are  merely  varieties  of  endogenous  cell-formation.  Their  paper  is 
illustrated  by  photographs. 

The  appearances  seen  in  many  cancer  cells  may  now  be  alluded 
to.  In  a  very  large  number  of  sections,  the  parasite  occupies  the 
■cell  itself,  but  in  a  few  of  the  sections  they  occur  in  the  nucleus, 
and  may  even  divide  and  multiply  inside  it  (Buffer).  This  parasite 
is  a  small,  round,  or  oval,  or  sometimes  elongated  and  irregularly 
outlined  cell,  varying  considerably  in  size,  from  -004  mm.  to  "04  mm., 
or  even  more,  in  diameter,  with  a  central  portion  which  stains  more 
darkly  than  the  rest.  The  dark  central  point  is  probably  only  part 
of  what  is,  for  convenience,  termed  the  '  nucleus,'  the  rest  of  which 
does  not  take  up  the  stain  readily.  Around  the  'nucleus,'  there 
is  a  layer  of  homogeneous  protoplasm,  staining  much  less  deeply 
than  the  nucleus. 

The  parasite  is  limited  by  a  well-marked  capsule,  seen  in  fresh 
and  fixed  specimens,  and  staining  more  definitely  than  either  nucleus 
■or  protoplasm. 

Scattered  through  the  protoplasm  of  the  parasite  are  often  seen 
small  granules  of  chromatin,  and  the  margin  of  the  cell  itself  frequently 
presents  a  finely  striated  appearance,  which  is  never  seen  in  the  fresh 
state,  and  may  therefore  be  due  to  the  fixative.    The  nucleus  often 

'  See  his  well-illustrated  paper  on  '  Protozoa  and  Cancer '  in  the  Trans.  Path. 
.Soc.  Lond.  1893. 

Trans.  Path.  Soc.  Lond.  1893. 
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has  attached  to  it  a  small  body  with  similar  reactions,  probably  a 
process  of  reproduction  by  buddmg. 

Staining  Reactions 
The  '  nucleus  '  of  the  parasite  differs  in  its  micro-chemical  reactions 
from  the  nucleus  of  the  cell.    With  thionin,  a  dark  purple  ;  with  the  Ehriich- 

:Z!  Z^^s^o:\^^^^^^  h.matoxylin-Bordeaux.red  stan. 

Juakes  aT^-k  claret  colour,  again  darker  than  that  of  the  p.^toplasm  or  stroma. 

The  protoplasm  around  the  nucleus  of  the  parasite  stams  as  follows : 
with  the  Ehrlfch-Biondi  mixture,  reddish-brown,  vvith  sublimate  as  a  fixative 
Tor  blie  if  alcohol  is  the  fixative,^  staining  much  less  deeply  than  the  nucleus, 
Ihich  is  violet,  with  the  same  fixative);  with  hsBmatoxyhn-fuchsm-orange,  the 
protoplasm  and  fibrous  stroma  are  red. 

The  capsule.— With  thionin,  it  is  darker  than  the  nucleus  (which  stains  a 
dark  purple),  or  the  protoplasm  of  the  parasite  ;  with  the  Ehrlich-Biondi  mixtui^, 
the  capsule  is  of  brighter  red  than  the  nucleus,  or  protoplasm  ;  with  hffimatoxyhn 
and  Bordeaux-red,  the  capsule  appears  as  a  very  bright  line. 

Buffer  and  Plimmer  ^  describe  the  multipHcation  of  the  parasites 
as  occurring  by  fission  into  two,  or  multiples  of  two,  subdivision 
of  the  parasites  being  followed  by  division  of  the  capsule ;  in  this 
way  a  kind  of  cyst,  or,  rather,  an  agglomeration  of  parasites,  is 
formed,  which  may  consist  of  as  many  as  32  or  more  young  protozoa, 
each  with  its  own  capsule,  a  process  of  segmentation  resembling 
that  which  takes  place  in  the  protozoa  of  malaria. 

Phmmer,'*  whose  briUiant  investigations  on  cancer  have  now  ex- 
tended over  more  than  ten  years,  has  recently  reported  that  he  has 
met  with  the  parasitic  bodies,  described  by  Euffer,  Walker,  and  him- 
self, in  1,130  out  of  a  total  of  1,278  cases,  faihng  to  find  them  in  63, 
which  were  densely  fibrous  and  atrophic — i.e.  cured  locally ;  in 
27  others,  there  was  so  much  degeneration  that  no  stain  could  be 
made  to  affect  the  broken-up  and  dead  cells.  The  parasites  are  not 
found  in  all  parts  of  the  cancer,  being  only  certainly  detected  at  the 
growing  edge,  and  in  active  cells,  not  in  those  showing  retrograde  or 
degenerative  changes.  They  may  also  be  seen  in  levTcocytes,  either 
within  the  cancer  cells,  or  free. 

In  very  rapidly  growing  cases,  there  may  be  scarcely  a  cell  which 

'  These  methods  of  staining  are  mentioned  subsequently. 
'-  Alcohol  is  of  no  use  as  a  fine  fixative. 
»  Trans.  Path.  Soc.  Loncl.  1893. 

'  The  '  Special  Cancer  Number '  of  the  Practitioner,  April  1899.  Plimmer 's 
article  in  this  number  is  by  far  the  most  important  recent  contribution  to  the 
ffitiology  of  this  subject. 
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does  not  contain  one  or  more,  up  to  over  sixty,  of  these  parasites 
ihese  acute  cases  are  very  rare,  only  nine  out  of  the  1,278  examined 
by  Plinimer. 

Examination  of  fresh  specimens—The  parasitic  bodies  in  the  cells  can 
be  seen  and  examined  without  any  stain,  on  making  a  film  preparation  from  a 
scraping,  made  with  a  very  sharp  knife  from  the  cancerous  growth,  with  or  without 
the  addition  of  a  0-75  per  cent,  salt  solution.  A  i-inch  oil-immersion  lens  must  be 
used,  with  an  Abb6  condenser,  the  iris  diaphragm  being  nearly  closed,  so  as  to  cut 
down  the  cone  of  light  rays  as  much  as  possible :  or,  without  a  condenser,  the  con- 
cave mirror  placed  to  get  as  oblique  a  pencil  of  rays  as  possible,  may  be  used. 

The  best  stain  to  use  for  fresh  specimens  is  an  old  solution  of  Loffler's 

methylene-blue,  or  a  1  in  10  solution  of  polychrome  methylene-blue.  In  the  case 
of  stained  preparations,  the  condenser,  with  plenty  of  light  as  usual,  is  required. 

Method  of  hardening  and  staining  tissues  to  show  the  cancer 
parasite.— Great  stress  is  laid  by  Buffer,  Walker,  and  PUmmer  on  the 
method  of  hardening  and  staining  the  suspected  tissues.  PHmmer  has 
lately  reconimended  the  two  following  fixatives  as  giving  the  best  and 
most  accurate  results  : 

1.  Hermann's  solution : 

Platinic  chloride,  1  per  cent.   15  parts 

Osmic  acid,  2  per  cent   i  „ 

Glacial  acetic  acid   1  part 

The  first  two  ingredients  are  kept  ready  mixed,  in  the  dark ;  but  the  acetic  acid 
is  only  added  at  the  time  of  using. 

The  quantity  of  fixative  should  be  at  least  ten  times  the  bulk  of  the  tissue, 
which  should  be  as  small  as  possible,  e.g.  about  3  mm.' 

After  24  to  36  hours  in  the  solution,  the  pieces  ought  to  be  washed  in  running 
water  for  another  24  hours,  and  then  passed  through  30,  60,  and  90  per  cent,  and 
then  absolute  alcohol,  remaining  in  each  for  24  hours.  They  are  passed  through 
cedar-wood  oil  into  parafiin ;  an  alternative  method  of  imbedding  being  mentioned 
in  Apj)endix  B. 

Plimmer  says  this  is  the  best  fixative  known  to  him,  giving  the  best  results  with 
both  nuclei  and  protoplasm.  But  it  must  be  used  with  care  to  obtain  constant  and 
accurate  results. 

2.  Perchloride  of  mercury. — a  solution  of  boiling  0-75  per  cent,  salt 
solution  is  saturated  with  corrosive  sublimate ;  when  cold,  the  solution  is  decanted 
from  the  subjacent  crystals,  and  it  should  be  kept  in  a  dark  glass  bottle.  At  the 
moment  of  use,  5  per  cent,  of  glacial  acetic  acid  is  added. 

After  24  hours  in  this  solution,  Plimmer  advises  that  the  small  pieces  of  tissue 
used  should  be  put  directly  into  70  per  cent,  alcohol,  to  which  may.  be  added  a  few 
drops  of  a  saturated  solution  of  iodine  in  spirit.- 


'  Approximately  8  mm.  =  ^  inch. 

-  Not  the  tincture,  or  Gram's  solution,  as  is  often  done  ;  these  contain  iodide  of 
potassium ;  and  iodine  in  potassium  iodide  precipitates  perchloride  of  mercury 
(Plimmer). 


METHODS  OF  STAINING  THE  PAKASITE 


The  alcohol  is  increased  in  strength  daily  until  absolute  alcohol  is  reached.  The 
tissues  are  then  passed  through  cedar  oil  into  paraffin. 

Corrosive  subHmate,  though  not  sogood  afixative  as  Hermann's,  can,  however,  with 
care  be  made  ahnost  as  good,  and  it  is  much  cheaper  and  more  convejnent  to  use. 
The  stains '  recommended  by  Plimmer,  as  giving  constant  and  good  results,  are : 

(a)  Thionin.— This  is  the  quickest  method,  and  if  carefully  done  gives  good 

results.  .        1  r  i   on    •  + 

(i)  Use  a  concentrated  watery  solution,  stain  for  15  to  60  minutes. 

(ii)  Dehydrate  with  acetone-alcohol  (acetone  1  part,  absolute  alcohol  5  parts). 

(iii)  Transfer  to  xylol,  and  mount  in  balsam. 

Either  fixative  mentioned  above  can  be  used,  the  sublimate  often  producing  a 
beautifully  digerential  metachromatism. 

(b)  Double  staining,  using  Heidenhain's  iron  hfematoxylin  as  a  nuclear  stain.''' 
(i)  Place  the  sections  for  2  hours  in  a  4  per  cent,  solution  of  ferric  alum.  ^ 

(ii)  Wash,  and  place  the  sections  in  a  -5  per  cent,  solution  of  hsematoxylin  in 
water  for  half  an  hour. 

(iii)  Treat  again  with  the  ferric  alum,  which  decolorises  the  sections.  This 

part  of  the  process  ought  to  be  watched  under  the  microscope,  and  the 
decolorisation  stopped  when  the  nuclei  are  darkly  stained,  and  the 
cytoplasm  of  the  cancer  cell  is  nearly  colourless. 

(iv)  When  decolorisation  is  sufficient,  wash  the  sections  in  running  water 

for  some  minutes. 

They  are  then  ready  for  the  second  stain,  which  differentiates  the 
parasites.    One  of  two  differential  stains  may  be  used : 

1.  A  combination  of  acid-fuclisiii  and  orange  G,  originally  used  by  Ehrlich,  and 
made  as  follows : 

Saturated  aqueous  solution  of  acid-fuchsin  ....     3  parts 

orange  G     .       .       .       .  150  „ 

This  can  be  used  undiluted,  or  diluted  with  2  to  4  parts  of  water,  and  this  is 
advisable  when  using  sublimate  as  a  fixative.  With  Hermann's  fixative,  it  will 
require  3  minutes  with  the  strong,  and  15  minutes  with  the  weak  solution.  Using 
the  sublimate  fixative,  less  than  1  minute  with  the  strong,  and  about  3  minutes 
with  the  weak  solution  should  be  allowed. 

The  sections  are  best  cleared  in  origanum  oil,  but  clove  oil  can  be  successfully 
used  with  care. 

2.  A  1  per  cent,  aqueous  solution  of  Bordeaux  red.  This  is  an  excellent 
differential,  double  stain. 

If  Hermann's  fixative  has  been  used,  the  section  is  kept  in  the  stain  for  10 
minutes ;  in  the  case  of  sublimate,  allow  only  3  minutes.    Clear  with  xylol. 
If  the  sections  are  over-stained,  clear  with  clove  oil. 

(c)  The  Ehrlich-Biondi  mixture. — One  of  the  earliest  stains  used  for 
demonstrating  the  cell-inclusions.  To  use  this  stain,  so  as  to  secure  proper  differ- 
entiation, is  not  at  all  easy,  and  Heidenhain's  method^  must  be  carefully  practised. 

'  For  the  various  colour  effects,  respectively  produced,  see  '  Staining  Eeac- 
tions,'  p.  253. 

2  Plimmer  considers  this  to  be  the  finest  nuclear  stain,  and  it  can  be  used 
equally  well  with  Hermann's  or  the  sublimate 'polution  fixative.  The  sections  must, 
however,  be  very  thin  ;  and  this  is,  indeed,  essential  in  all  cases  ;  the  tissue  should 
also  be  as  fresh  as  possible,  perfectly  fixed,  and  accurately  stained. 

'  Consult  von  Kahlden's  Pathological  Histology,  p.  51.  g 
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The  method  is  as  follows  :  ' 

(i)  The  section,  fixed  in  sublimate,  is  stained  with  the  diluted  solution  (i.e.  1 

in  100  of  the  saturated  solution,  with  acetic  acid  added,  as  directed) 
of  '  Biondi  '—for  (5  to  24  hours. 

(ii)  llinse  in  water. 

(iii)  Treat  with  90  per  cent,  alcohol  for  a  short  time. 

(iv)  Dehydrate  in  absolute  alcohol ;  clear  in  xylol,  and  mount  in  balsam. 

Cultivation  of  the  parasites  found  in  cancer  has  been  successfully 

achieved  by  Plimmer,  using  the  following  medium. 

An  infusion  is  made  from  cancer-tissue,  just  as  is  done  in  the  case  of  ordinary 
beef  infusion.  To  this  is  added,  after  careful  neutralisation,  2  per  cent,  of  glucose 
and  1  per  cent,  of  tartaric  acid. 

Into  this,  very  small  pieces  of  growth,  cut  out  with  all  possible  precautions 
against  contamination,  are  placed  ;  and  then  the  flasks  and  tubes  are  kept  under 
anaerobic  conditions,  the  air  being  exhausted  and  hydrogen  substituted  for  it. 
Such  anaerobic  growths  maintain  their  virulence  for  at  least  4  months. 

After  about  48  hours'  incubation,  a  cloudiness  of  the  medium  is  produced,  in- 
creasing until  about  the  sixth  day,  when  the  growth  sinks  to  the  bottom,  leaving 
the  liquid  clear,  no  scum  or  pellicle  being  formed.  On  this  medium,  solidilied  with 
agar,  form  small,  separate  round  colonies,  of  white  colour,  changing  to  yellow  in 
a  few  weeks. 

The  organism  thus  isolated  corresponds  to  the  description  already  given,  many 
young  cells  having  at  first  no  capsule,  but  containing  the  central,  deeply  staining, 
'  nucleus,'  so  called. 

Inoculation  of  the  growth. — Actual  new  growths  have  been  found  by 
Plimmer  after  intraperitoneal  injection  of  guinea-pigs,  which  died  in  13  to  20  days, 
with  innumerable,  small,  transparent  nodules  studded  over  the  peritoneum,  and 
mottling  the  liver,  spleen,  omentum,  and  intestines.  The  lungs  were  full  of  trans- 
parent growths,  esj)ecially  visible  on  the  surface. 

Microscopically,  these  growths  are  of  endothelial  origin,  the  cells  contain 
the  organisms,  and  there  are  also  many  normal  and  degenerate  ones  in  the  inter- 
cellular tissue  ;  there  is  also  a  great  deal  of  round-celled  infiltration  in  the  neigh- 
bourhood of  the  growth. 

Inoculated  SUbdurally  into  rabbits,  no  true  neoplasms  were  formed,  but 
the  organisms  were  found  in  the  brain,  cord,  liver,  kidney,  and  blood. 

Inoculated  into  the  scarified  rabbit's  cornea,  in  3  to  5  days  consider- 
able proliferation  of  the  corneal  epithelium  was  found,  together  with  the  organisms 
in  the  cells,  the  proliferation  showing  itself  not  only  on  the  surface,  but  also  in 
the  fibrous  layers  of  the  corneal  tissue,  into  which  masses  of  enlarged  epithelial 
cells  had  extended. 

Pure  cultures  can  be  made  from  the  tumours  described,  and,  when  inoculated 
into  suitable  animals,  they  produce  again  similar  growths.  Whether  they  are  to 
be  regarded  as  true  cancers  is  a  matter  for  consideration. 

Plimmer  has  thus  clearly  demonstrated  that  the  cell-inclusions  arc  living 
organisms,  and  that  they  are  probably  not  protozoa,  but  are  related  to  the 
saceharomycetes.  While  making  no  claim  to  have  discovered  the  cause  of  cancer, 
he  has  produced,  experimentally,  malignant  tumours  in  animals  by  inoculating  an 
organism  isolated  from  a  malignant  tumour  in  man.  His  paper,  in  the  'Practi- 
tioner '  tor  April  1899,  is  beautifully  illustrated,  and  should  be  carefully  studied. 
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StiU  more  recently,  Lambevt  Lack  has  published  the  result  of  one 
exDerhnent  in  which  nodules  of  cancer-like  growths,  microscopically, 
Z^^^^te^e^  over  the  peritoneal  cavity  of  a  rabbit  after  inocu- 
X  with  fresh  scrapings  from  the  interior  of  the  spht-open  normal 

""^'e  this  observation  should  be  confirmed,  the  parasitic  theory  must 
be  taken  as  one  of  several  possible  modes  in  which  cancer  may 
originate.  


LESSON  XXII 

BACTERIOLOGICAL  EXAMINATION  OF  AIB,  WATEE,  SOIL,  AND  MILK 

Air 

Air  —I  Qualitative  exammation.— Expose  to  the  air  of  the  room 
gelatine  and  agar-agar  plates,  placed  on  shelves  at  different  levels,  for 
varying  lengths  of  time 
{e.g.  from  1  to  15  minutes). 
Incubate  at  the  appro- 
priate temperatures  for 
these  media,  and  compare 
the  organisms  found  under 
the  varying  circumstances 
of  growth.  Enumerate 
the  colonies  appearing  on 
successive  days. 

II.  Quantitative  exami- 
nation.— For  this  purpose 
several  methods  may  be 
used,  the  general  principle 

in  all  being  that  a  known 

volume  of  air  is  aspirated 

through  the  apparatus,  and 

the  organisms  contained 

therein    sooner   or  later 

brouglit  into  contact  with 

some    culture  medium, 

such  as  nutrient  gelatine. 

A  roll-tube  is  made,  and 

the  colonies  are  counted  in 

the  usual  way  (pp.  27,  28), 

waiting  for  at  least  three  or  four  days  before  the  final  count  is  made. 

s  2 


Fig.   129. —  hesse's   api'abatus,   on  poetable- 
stand,  foh  the  bacteriologicaii  examination 

OF  AIE 

The  method  of  using-  the  two  Erleiimeyer  flasks  as  an 
aspirator  is  explained  in  tlie  text. 
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(i)  Hesse's  method.-This  method  is  not  much  used  in  actual 
practice,  now  Hesse's  apparatus  (fig.  129)  consists  of  a 'long  glass 
cyhnder,  70x3-5  cm.,  closed  at  one  end  with  an  india-rubber  plug 
through  which  passes  a  glass  tube  packed  with  wool,  connected  at  its 
outer  extremity  with  a  piece  of  rubber  tubing  passing  to  the  first  of 
two  Erlenmeyer  flasks  containing  water,  by  manipulation  of  which 
aspiration  of  the  air  through  the  cyhnder  can  be  produced  The 
other  end  of  the  cylinder  is  closed  with  two  rubber  caps,  the  inner 
one  having  a  centrally  placed,  circular  aperture,  10  mm.  in  diameter 

The  glass  cylinder,  caps,  and  plugs  are  sterilised  by  means  of  a 
5  per  cent,  solution  of  carbohc  acid,  which  is  then  washed  away  with 
alcohol.  After  draining  off  the  alcohol,  50  c.c.  of  nutrient  gelatine  are 
poured  into  the  cylinder.  The  apparatus  is  sterihsed  in  the  steamer 
for  three  successive  days.  A  roll  tube  is  then  made  in  the  usual  way. 
The  Erlenmeyer  flask  nearer  the  glass  cyhnder  is  connected  with 


Sana  filter  Wire  nettiug 

Receiving  bottlo  "^^^^^^^^^^^^^^ 

Fig.  130. — Petri's  sand-filtering  apparatus 
(From  Sehenk's  'Bacteriology') 

the  glass  tube  passing  through  the  rubber  plug,  after  the  wool  has 
been  removed  from  the  tube.  The  apparatus  is  placed  in  the  air  to 
be  examined,  and  the  outer  of  the  two  india-rubber  caps  is  removed 
from  the  other  extremity  of  the  glass  cyhnder.  When  the  flask 
nearer  the  cyhnder  is  tilted,  the  water  it  contains  flows  into  the  second 
flask,  with  which  it  is  connected  by  a  piece  of  tubing.  The  water 
is  thus  completely  siphoned  off  from  the  flask,  and  the  air  is 
aspirated  into  the  cylinder  to  replace  it.  The  position  of  the  flasks 
is  then  changed,  so  that  the  empty  one  now  occupies  the  lower 
position.  The  siphon  action  again  comes  into  play,  and  thus  more 
air  is  sucked  through  the  cylinder,  until  the  required  volume  of  air 
has  been  passed  over  the  roll-tube.  "When  this  has  been  accom- 
plished, the  tube  is  capped  at  both  ends,  and  the  colonies  subsequently 
appearing  in  the  gelatine  counted  in  the  usual  way. 

Hesse's   apparatus,  as   already  mentioned,  is  not  now  much 
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used,  owing  to  the  greater  accuracy  and  cheapness  of  more  modern 

""'mf  Petri's  method.-Petri's  apparatus  (fig.  130)  consists  of  a 
vertical  glass  cylinder,  fitting,  by  means  of  a  small  glass  tube  passed 
Ihlgh  a  rubbe;  plug,  into  a  conical  Brlenmeyer  flask.  The  cyhnder 
is  packed  with  sterilised  sand,  and  a  known  volume  of  air  is  drawn 
thiou-h  the  sand  by  means  of  an  aspirator,  connected  with  the 
conical  flask  by  a  second,  longer  piece  of  glass  tubing  passing  through 
the  rubber  plug  to  the  bottom.  The  sand  through  which  the  air  has 
been  drawn  is  mixed  with  hquefied  gelatine,  and  the  colonies 
developing  when  the  '  plate  '  is  made  are  counted. 

The  objection  to  Petri's  apparatus  is  that  fine  granules  of  sand 
may  be  mistaken  for  developing  colonies. 

Sedgwick-Tucker  aerobioscope.— This  apparatus  enables  one  to 
overcome  the  difficulty  just  mentioned,  the  sand  being  replaced  by 
sterihsed  sugar,  which  dissolves  in  the  Hquefied  gelatine  after  a 
known  volume  of  air  has  been  drawn  through  the  apparatus.  The 


Fig.  131.— AERor-ioscopE  employed  in  the  method  of  sedgwick  and  tucker, 
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aerobioscope  consists  of  a  cylindrical  glass  tube  (fig.  131),  measuring 
15  cm.  x4-5  cm.,  one  extremity  of  which  is  constricted  so  as  to  form  a 
narrow  neck  2^  cm.  in  length,  which  is  plugged  with  wool ;  the 
other  extremity  terminates  in  a  fine  glass  tube  15  cm.  x  0-5  cm.  The 
narrow  glass  tube  is  plugged  with  wool,  and  at  a  distance  of  5  cm. 
from  the  plugged  extremity  a  piece  of  brass  wire  gauze  is  inserted 
so  as  to  support  the  sterihsed  granulated  sugar,  which  fills  the  rest 
of  the  tube  up  to  its  connection  with  the  cyhnder,  when  the 
apparatus  is  placed  in  a  vertical  position  with  the  glass  tube  in  the 
dependent  position,  during  the  aspiration  of  the  air. 

The  aerobioscope  is  first  cleaned,  and  dried,  and  sterilised  in 
the  steamer ;  the  plug  is  removed  from  the  neck  of  the  cylinder  and 
the  sterilised  sugar  inserted,  so  as  to  fill  up  the  glass  tube  to  the 
extent  indicated  above,  the  wool  plug  being  replaced  in  the  neck, 
and  the  apparatus  is  then  kept  in  the  hot-air  steriliser  at  120°  C. 
for  three  hours.  The  air  may  be  drawn  through  the  apparatus,  after 
removal  of  the  wool  plug,  by  means  of  tlje  ordinary  graduated 
aspirating  bottles  used  in  the  case  of  Hesse's  apparatus  (fig.  129),  or 
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by  means  of  the  water  aspirator,  in  wh'ich  the  weight  of  water  that 
flows  away  indicates  the  volume  of  air  that  is  sucked  through  the 
aerobioscope.  Either  of  these  kinds  of  aspirators  is  more  convenient 
than  the  air-pump. 

After  a  known  volume  of  air  has  been  drawn  through,  the  wool 
plug,  freshly  sterilised  by  passing  through  the  flame,  is  inserted  in 
the  neck  of  the  cylinder,  which  is  then  placed  in  a  nearly  horizontal 
position.  The  sugar  is  tilted  from  the  glass  tube  into  the  cylinder, 
the  process  being  assisted  by  a  series  of  gentle  taps. 

By  means  of  the  special  cyUndrical  glass  funnel  with  bent  stem 
(fig.  132),  20  c.c.  of  sterile  liquefied  gelatine  are  carefully  inserted  into 

the  cyhnder  and  the  plug  of  wbol  replaced. 
The  liquefied  gelatine  dissolves  the  sugar.  A 
roll-tube  is  made  in  the  usual  way  (pp.  21,  22), 
soUdification  being  accelerated  by  the  addition 
of  blocks  of  ice  in  the  water  in  which  the 
cyhnder  is  rolled.  The  colonies  which  develop 
are  counted,  as  in  the  case  of  a  roll-tube,  the 
squares  which  are  already  marked  out  in  the 
glass  cyhnder  greatly  facihtating  this  process. 

Abbott,'  whose  description  I  have  followed 
in  the  above  account,  considers  this  to  be  the 
best  method  of  examining  the  air,  bacterio- 
logically. 

For  the  complete  bacteriological  investiga- 
tion of  the  air,  anaerobic  organisms,  blown 
about  in  the  form  of  spores  derived  from  the 
soil,  &c.,  must  be  sought  for,  employing  for 
their  cultivation  the  methods  already  de- 
scribed in  the  lesson  on  Anaerobes,  modifying 
them  as  in  the  following  instance  : 

A  known  volume  of  air  is  drawn  through  a  wash-bottle  containing 
glucose-gelatine,  kept  liquefied  by  placing  the  flask  in  a  water-bath 
at  38°  C.  The  inlet  tube  is  then  fused,  and  the  flask  completely 
exhausted.  The  exit  tube  is  then  fused,  and  the  rubber  cork  coated 
with  melted  paraffin,  as  usual,  wherever  there  is  any  danger  of  the 
air  entering  the  apparatus. 

If,  after  incubation  at  22°  C,  colonies  appear,  they  may  be  counted 
after  a  few  days,  and  subcultures,  in  any  of  the  ways  already  recom- 
mended, may  be  made  to  determine  their  exact  nature. 


Fig.  132. —  cylindrical 
glass  funnel  with 
bent  stem,  used  fob 
tkansfebbing  lique- 
fied gelatine  into 
the  aeeobioscope 


'  Pnnciples  of  Bacteriology,  pp.  553-56. 
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Water 


•  rpu=^  ;e  made  by  inoculating  tubes  of 

~  ;sKr::oi::;  ii, .... 

diluted  in  the  ordinary  way^  quantitative  examination  of 

.  auantitative  examination  -For  t*^^  qua  ^^^^  ^^^^  collecting 
water,  the  greatest  care  must  be  tai^en  collect  ion  as 

the  sample  is  sterile,  and  the  cultures  made  as  J" J'^  <^ 
possible' as  delay  means        -'  ^^  '^  '^  /ItS^he  samples 

the  plates  cannot  be  -''^^ ''P'''^:^  J' ^^^t' otding  them  with  ice,  or 
should  be  kept  as  cool  as  possible  «  ^^^^t. 


water  to  be  collected.  .  ^^iio^+prl 

Smaller  quantities  of  water  may  be  more  co-^^^^^^yj^^^^^^^ 
small  glass  bulbs,  which  have  been  made  by  fusmg  he  end  of  a 
glass  tube,  and  blowing  it  out  into  a  globe  in  the  usual  ^^Y-  ^be 
other  extremity  is  drawn  out  into  a  tine  capillary  tube  and  sealed 
until  Squired  f'r  use,  when  its  extremity  is  broken  off 
the  vacuum,  produced  by  the  cooling  of  the  previously  heated  globe 
causes  the  water  to  rush  up  and  partially  till  it.    The  extremity  of 
the  tube  is  then  sealed  ;  and,  after  packing  in  ice,  it  is  at  once  forwarded 
to  the  laboratory  where  the  examination  is  to  be  made.    To  mspect 
the  water,  after  nipping  off  the  end  of  the  tube,  the  bulb  is  gently 
warmed-not  boiled-over  a  small  gas  jet  or  spirit  lamp,  care  bemg 
taken,  of  course,  to  avoid  sterilising  the  water  in  this  process,  ii^ach 
bottle,  or  bulb,  should  be  kept  in  a  canister,  which  should  only  be 
opened  at  the  moment  of  collecting  the  sample  of  water.    Great  care 
must  be  taken  not  to  contaminate  the  mouth  of  the  bottle,  or  its 
stopper,  which  should  be  removed  with  sterile  forceps,  m  which  it 
should  be  held,  and  not  put  doivn  anyzvhere,  until  finally  replaced.^ 
Tap  water  should  be  allowed  to  flow  for  five  minutes  before  being 
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ooUocted ;  and  water  from  the  mains  .ilinnlrl  . I 

of  from  a  cistern,  except  for  specW  reat", '  '"^'^'^ 

shouiVb:it'rs:r;„fCthe'™\r™'^' 

the  surface  before  tL    sW  ^  i  "  f  "  °'  ^  '<""  f'-- 

[ng.  166)  may  be  employed. 

The  following  description  is  given  by 
Frankland  m  his  work  on  '  Micro-organisms 
in  Water. 

'  It  consists  of  a  glass  vessel  M,  of  about 
50  CO.  capacity  (the  neck  of  which  is  drawn 
out  to  a  fine  point  and  bent,  as  seen  at  F) 
held  :n  its  place  by  metal  bands  a  a  a,  to 
which  a  weight  P,  of  from  2  to  3  kilograms,  is 
a  tached.    The  whole  is  suspended  by  means 
ot  a  strong  cord  graduated  in  metres,  yards 
or  feet  by  means  of  rings  and  knots.  Eunning 
alongside  of  this  cord  a  thread  of  copper 
passes  through  the  rings  d  d,  situated  a  metre, 
or  yard,  apart.    Attached  to  the  end  of  the 
copper  thread  is  a  ring  A,  which  encloses  the 
fragile  neck  of  the  vessel.    When  the  appa- 
ratus has  been  lowered  to  the  required  depth, 
the  neck  is  broken  off  by  giving  a  quick  sharp 
pull  to  the  copper  wire,  and  the  water  rushes 
into  the  sterihsed  and  vacuous  vessel.    It  is 
then  drawn  up,  and  the  depth  carefully  noted 
to  which  it  has  been  lowered.    If  the  water  is 
not  to  be  immediately  examined,  the  broken 
neck  of  the  vessel  must,  of  course  be  sealed 
in  the  flame.' 

Quantitative  bacteriological  examination  of  water.— To  determine 
its  purity  from  a  bacteriological  aspect,  known  volumes  of  the  water 
are  mixed  with  gelatine  and  agar-agar,  respectively,  and  a  single 
plate  made  in  each  case,  the  volume  of  water  employed  varying 
■according  to  its  impurity.  If,  for  instance,  a  prehminary  plate  made 
by  the  addition  of  0'5  or  1-0  c.c.  of  water  is  found  to  contain  too 
many    organisms   for  ready  enumeration,   or   if   the  liquefying 


Fig.  133. — miquel's  ap- 
pabatus  fob  collect- 
ing samples  of  wateb 
at  definite  depths 

(From  Prankland's  'Micro- 
organisms in  Water.') 
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organisms  present  are  in  great  abundance,  fresh  plates  must  be  made 
containing;  still  less  quantity  of  water,  0-1  or  0-  5  c.c.  Gelatme 
plates  are  incubated  at  22°  C,  and  those  made  with  agar  at  37  O. 
bolonies  are  counted  daily  by  means  of  Wolffhtigel's  apparatus,  or 
Pakes's  enumerating  disc  (figs.  19,  20,  pp.  27,  28),  the  final  count  not 
being  made  before  the  fourth  day.  _ 

It  should  be  noted  that  the  organisms  ordinardy  found  m  water 
develop  much  more  rapidly  at  the  lower  temperature  of  22°  C.  on 
gelatine,  than  at  the  higher,  37°  C,  on  agar.  However,  agar-agar 
kept  at  37°  is  a  more  favourable  medium  for  the  growth  of  any 
pathogenic  organisms  which  may  be  present  in  the  water.  In 
counting  the  colonies  it  should.be  stated  with  which  medmm, 
gelatine  or  agar,  the  plate  culture  has  been  made. 

Generally  spealdng,  in  the  case  of  organisms  ordinarily  found  in 
water,  the  proportion  of  colonies  appearing  on  gelatine  plates,  com- 
pared with  those  on  agar-agar,  is  stated  to  be  as  2  to  1,  or  in  some 
cases  as  5,  or  even  10,  to  1.  But  where  the  water  has  come  from 
a  well,  long  disused  and  contaminated  with  sewage,  the  numbers 
of  colonies  appearing  on  gelatine  and  agar  plates  respectively  have 
been  known  to  be  approximately  equal. 

Special  methods  for  the  detection  of  certaiu  pathogenic 
organisms. 

I.  In  the  case  of  sim-e-hearing  bacilli,  such  as  B.  anthracis, 
Frankland  recommends  the  elimination  of  the  non-spore-bearing 
organisms  by  raising  the  temperature  of  the  medium,  with  which  the 
suspected  water  is  mixed,  sufficiently  high  to  kill  the  bacilli,  but 
leave  the  spores  intact. 

Frankland  ^  gives  the  following  details  of  his  experiments  :  From 
1  to  3  c.c.  of  the  water  containing  anthrax  spores  were  mixed  with 
1  c.c.  of  sterile  broth,  and  heated  for  periods  of  from  two  to  five  minutes 
to  50°  C,  to  70°  C,  or  to  90°  C. ;  after  which  they  were  submitted  to 
ordinary  plate  cultivation.  After  heating  to  50°  0.  for  five  minutes,  the 
100,000  water  bacteria,  previously  contained  in  1  c.c.  of  the  con- 
taminated water,  were  reduced  to  from  35  to  39  colonies  per  c.c,  and 
several  of  these  were  recognisable,  as  colonies  of  B.  anthracis.  Heating 
to  70°  C.  for  two  minutes  reduced  the  number  from  30  to  10  colonies 
per  c.c,  in  which  from  4:  to  10  were  recognised  as  those  of  anthrax 
bacilli.  Heating  to  90°  C.  for  two  minutes  resulted  in  the  appear- 
ance of  only  7  to  10  colonies,  of  which  3  to  6  were  found  to  be  those 
of  anthrax. 

II.  For  the  examination  of  water  srispected  to  be  contaminated 

'  Micro-organisms  in  Water. 
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by  B.  typhosus,  &c.,  the  methods  referred  to,  in  the  special  chapters 
deahng  witli  those  organisms,  should  be  employed. 

The  purity  of  water.— Various  '  standards  of  purity '  have  been 
proposed,  and  for  an  account  of  these  the  reader  is  referred  to 
works  on  Hygiene.'  Pure  water,  according  to  Miquel's  standard, 
may  contain  from  100  to  1,000  organisms  per  c.c,  very  impure 
watsr  being  defined  to  contain  100,000,  and  upwards,  per  c.c.  Filtra- 
tion to  be  considered  effective,  according  to  Frankland,  should  remove 
practically  all  organisms. 

Soil 

A  loopful  of  earth  from  any  specific  source  may  be  evenly 
diffused  through  a  tube  of  hquefied  gelatine ;  and,  from  this,  gelatine 
plates  and  roll-tubes  of  various  dilutions  made.  Subcultures  from 
the  different  colonies  appearing  may  be  made,  to  isolate  the  various 
aerobes,  and  anaerobes  present.  Stab-glucose  gelatine  and  glucose- 
agar  cultures  should  be  made.  For  the  isolation  of  tetanus  baciUi, 
the  special  method  of  fractional  separation,  mentioned  on  p.  226, 
may  be  employed.  If  necessary,  an  animal  may  be  inoculated,  and 
the  tetanus  bacillus  isolated  from  it. 


MUk 

Milk. — For  the  examination  of  milk  supposed  to  be  contaminated 
with  organisms,  various  methods  may  be  adopted,  according  to  tho 
nature  of  the  contagion. 

In  the  case  of  an  epidemic  of  typhoid  fever,  supposed  to  be  due 
to  infection  of  the  milk,  plates  of  gelatine,  potato-gelatine,  and 
agar-agar  may  be  made  in  the  usual  way ;  and  a  quantitative 
examination  may  be  similarly  carried  out,  using  0*1,  0'25,  0'5  c.c. 
respectively  of  milk  for  separate  plates. 

In  the  case  of  tuberculosis,  it  is  best  to  centrifugalise  the  milk. 
The  supernatant  fluid  whey  being  poured  off,  the  thicker  deposit  is 
made  into  film  preparations  and  examined  for  B.  tuberculosis,  by  the 
usual  methods,  Ziehl-Neelsen's  being  the  best.  After  fixing,  and 
before  proceeding  to  stain  the  film,  it  is  sometimes  useful  to  clarify  it 
by  means  of  ether,  which  removes  excessive  fat. 

]'n  the  case  of  diphtheria,  the  Klebs-Loflfler  bacilli  may  be  found  on 
centrifugalising  the  milk  and  examining  the  deposit  at  the  bottom  of 
the  tube. 

In  this  connection,  it  may  be  useful  to  note  that  epidemics  of  acute 
'  For  instance,  Kenwood's  Public  Health  Laboratory  Work,  p.  432, 
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endemic  when  once  it  has  ^^^^^^  "  J;  may  point  to  the 

a  simple  tonBilUti.  ^^'^T  oommuni,  i.  commonly  found 

*"^A  variety  of  Proteus  mirabilis  is  also  not  uncommonly  found 
the  vel-y  long  Involution  forms.-sinuously  curved  fllan.entB  W.th 
spLIl^'hap  'd  swelhngs  along  thek  course,  or  at  the.r  extrem.taes.- 

being  characteristic. 


LESSON  XXIII 

METHODS  OF  TESTING  ANTISEPTICS  AND  DISINFECTANTS 

1.  Take  four  tubes  containing  10  c.c.  of  nutrient  broth,  a,  b,  c,  cl. 

(i)  Inoculate  (a)  with  a  loopful  of .      ^^g^  q^-^  ^^.^  to  be  incubated 
B.  'prodigiosus.  I     and  used  as  controls,  for 

(ii)  Inociilate  {h)  with  a  loopful  of  j     comparison  with  (c)  and  {d). 
B.  tyfJiosus 

(iii)  Add  -iV  c.c.  of  a  5  per  cent.  ^  Inoculate  (c)  and  {d)  with  a 
solution  of  carbolic  acid  to  (c).l    loopful  each  of  B.  ]orodi- 

■  ^    giosiis    and    B.  tyioJwsiis. 
Incubate  at  37°  C. 


(iv)  Add  i  c.c.  of  a  5  per  cent, 
solution  of  carbolic  acid  to  {d). 


On  comparing  these  tubes,  after  a  few  days'  incubation,  {a)  and  (&) 
will  show  vigorous  growths  of  B.  prodigiosits  and  B.  typliosus  re- 
spectively ;  in  (c),  turbidity  due  to  B.  typhosus  only  will  be  seen ; 
B.  23rodigiosus  having  succumbed  to  the  antiseptic  ;  whilst  in  {d),  no 
growth  of  either  organism  will  be  visible. 

II.  (i)  Prepare  anthrax  silk  threads  ^  as  follows  :— 
Silk  threads,  one  inch  long,  are  sterihsed  in  the  steamer,  and  dipped 
for  an  hour  in  broth,  or  normal  saline  solution,  in  which  has  been 


'  These  should  be  previously  prepared  for  the  class. 
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Xe'ot.::tl::f '  U  ^  ^'^^^'^^  ^or.,^^rin,  agar-aga.  or  potato, 
cultme  ot  anthiax.  Using  every  precaution  against  sepsis,  by  means 
of  forceps  the  threads  are  transferred  in  a  small  sterile  p  t  f-d  lto 
the  warm  mcubator,  or  to  the  sulphuric  acid  desiccator 

(H)  Transfer  some_  of  these  prepared  silk  threads  to  the 
antiseptic  solutions  to  be  tested,  e.g. 

(a)  Carbohc  acid,  1  in  20. 

(b)  Corrosive  sublimate,  1  in  1,000. 

(c)  Biniodide  of  mercury,  1  in  2,000, 

(iii)  With  sterile  forceps,  rapidly  transfer  a  thread  from  the 
selected  antiseptic  solution  to  sterilised  water,  and  wash 
well. 

(iv)  Transfer  to  an  already  prepared  glycerine-agar  plate.  In- 
cubate at  37°  C.  Compare  the  plates  corresponding  to 
{a)  (6)  and  (c),  with  (d),  a  control  plate  made  by  transferring 
an  anthrax  silk  thread,  simply  washed  well  in  sterilised 
water  but  not  exposed  to  any  antiseptic  solution. 

Comparison  wiU  show,  what  is  now  a  well-established  fact,  that 
the  bmiodide  of  mercury  is  a  more  effective  antiseptic  than  corrosive 
sublimate  solution  of  corresponding  strength. 

This  experiment,  which  we  owe  to  Koch,  may  be  varied  indefi- 
nitely as  to  the  variety  and  strength  of  germicidal  solution  employed, 
and  the  lengths  of  time  to  which  the  anthrax  threads  are  exposed  to 
them.  It  is  absolutely  necessary  that  the  threads  should  be  completely 
freed  from  the  antiseptic,  otherwise  the  non-appearance  of  growth  on 
the  media  may  be  due  to  the  transference  to  the  media  of  a  minute 
quantity  of  the  solution,  which  inhibits  the  growth,  but  does  not 
kill  it  outright. 

Herein  lies  the  great  practical  difficulty  in  applying  this  method 
of  testing  antiseptics.  The  salts,  especially  in  the  case  of  corrosive 
sublimate,  often  form  a  firm  union  with  the  tissues  of  the  threads, 
and  this  holds  good  even  in  the  case  of  catgut,  which,  after  soaking 
in  distilled  water,  renewed  day  after  day  for  five  weeks,  still  gave 
characteristic  tests  for  mercuric  chloride  (Braatz,  quoted  by  Abbott). 
The  addition  of  ammonium  sulphide  to  the  sterilised  water  in  which 
the  threads  are  washed,  before  introducing  them  into  the  fresh  culture 
media,  undoubtedly  helps  to  overcome  this  difficulty. 

On  exposing  organisms  to  test  the  effect  of  germicidal  solutions, 
it  is  most  essential  that,  as  Abbott  points  out,  the  bacilli  shall  be  very 
finely  distributed,  so  that  as  far  as  possible  each  individual  comes 
into  contact  with  the  disinfectant  solution. 

It  seems  hardly  necessary  at  this  stage  to  emphasise  the  fact  that, 
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whilst  nou-spore-bearing  organisms  as  a  rule  possess  but  httle  power 
Tf  esistance  to  destructive  agencies-such  as  drymg  at  a  comparatively 
low  temperature,  heat  (dry  and  moist),  and  chem.cal  antjsept.es  such 
as  carbolic  acid  (1  in  20),  and  corrosive  sublimate  solution  (1  in  1,000)- 
the  spores  of  spore-bearing  organisms  such  as  those  of  tetanus  and 
anthrax  maintain  their  vitality  after  remaining  dry  for  many  months, 
and  sometimes  after  heating  even  to  a  comparatively  high  tempera- 
ture, provided  this  is  only  maintained  for  a  few  moments,  moist  heat 
being  more  destructive  than  dry. 

In  Sternberg's  method,  several  broth  cultures,  e.g.,  of  B.  typhosus, 
are  incubated  for  twenty-four  hours ;  of  these  all  but  one,  kept  as 
a  control  are  treated  with  various  strengths  of  the  antiseptic,  and 
incubated  for  varying  lengths  of  time,  e.g.  for  an  hour  or  two,  the 
control  also  being  incubated. 

All  these  tubes  are  now  subcultured  ;  the  subcultures  are  incubated 

and  the  effects  noted  daily. 

III.  Disinfection  with  gases  and  vapours,  e.g.  Formalin,  Sulphur 

dioxide.  Chlorine,  &c. 

Formalin.— Commercial  formalin  is  a  40  per  cent,  solution  of 

formic  aldehyde,  or  formaldehyde. 

To  test  the  germicidal  action  of  its  vapour,  solutions  of  varying 
strengths  from  O'l,  0-5,  and  upwards,  should  be  employed  as 
follows  : — 

The  apparatus  required  simply  consists  of  {a)  a  .flask,  to  contain 
the  formalin  sokition,  fitted  with  a  rubber  stopper,  through  which 
a  piece  of  glass  tubing  passes  for  the  exit  of  the  vapour ;  (&)  a  wash- 
bottle,  also  fitted  with  stopper  and  glass  tubes,  the  water  in  this 
flask  serving  to  absorb  the  irritating  vapour  *after  it  has  passed  over 
the  piece  of  linen  rag  which  has  been  streaked  with,  or  soaked  in,  the 
culture,  say,  of  the  Elebs-Loffler  bacillus. 

The  infected  linen  is  inserted  into  a  piece  of  tubing  of  rather 
wider  bore  than  those  used  for  the  flasks. 

The  exit  tube  from  the  formalin-containing  flask  is  connected  by 
rubber  to  one  end  of  this  wider  tubing,  which  in  turn  is  connected  up 
to  the  wash-bottle.  On  gently  warming  the  flask  containing  the 
antiseptic,  formic  aldehyde  vapour  is  driven  off,  and  so  comes  in  con- 
tact with  the  infected  rag  in  the  piece  of  tubing. 

The  strength  of  the  solution  and  the  time  of  exposure  to  the 
vapour  should  be  noted.  The  rag  is  then  quickly  dropped  into  a 
tube  of  suitable  medium,  and  the  effect  noted  after  several  days' 
incubation. 

For  the  disinfection  of  rooms,  by  a  modification  of  this  experiment, 
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suitable  lamps  and  tabloids,  containing  formalin  of  the  required 
strength,  can  be  obtained.'  It  is  necessary,  of  course,  to  seal  up  all 
apertures,  and  paste  paper  over  cracks  in  window-frames,  &c.,  through 
which  the  formic  aldehyde  vapour  might  escape  from  the  room. 

The  disinfectant  properties  of  such  gases  as  Sulphur  dioxide 
(generated  by  heating  metallic  copper  with  sulphuric  acid),  and 
Chlorine  (obtained  from  sodium  chloride,  manganese  dioxide,  sul- 
phuric acid,  and  water),  can  be  similarly  tested,  the  gases  being 
washed  ^  before  they  pass  over  the  infected  rag. 

Such  experiments  should  be  carried  out  in  a  fume  cupboard, 
owing  to  the  irritating  nature  of  the  gases  in  question. 

'  Experiments  carried  out  by  Professor  Kenwood  and  others  {Transactions  of 
Sanitary  Institute,  1897)  show  that  formic  aldehyde  vapour,  obtained  by  heating 
formalin,  is  an  extremely  convenient  and  satisfactory  a^ent  for  the  disinfection  of 
rooms.  It  has  great  penetrating  power,  and  its  germicidal  properties,  even  when 
much  diluted,  are  remarkable.  Owing  to  the  very  small  percentage  of  formic 
aldehyde  vapour  necessary  for  the  disinfection  of  rooms  (calculated  by  Kenwood 
to  be  approximately  only  1  per  cent,  of  the  cubic  space  of  the  room,  i.e.  of  the 
air  in  it)  this  method  is  inexpensive. 

■■^  For  details,  consult  Kanthack  and  Drysdale's  Practical  Bacteriology,  p.  131. 
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The  Requisites  for  a  good  Bacteriological  Microscope 

TXm  loT  If  the  later  si  Messrs.  Swift  &  Son  (81  Tottenham  Court 
Eoad  Lonaon),  for  instance,  supply  a  naicroscope  with  all  the  accessones 
nsiiaUv  required  for  bacteriological  work.  ,  .       /  i  -^i, 

S  rack  and  pinion  coarse  adjustment,  a  .«Zc-«;u^.  stage  (winch 
prevents  too  rapid  coohng  dimng  the  examination  of  a  hangmg-drop  px-epara- 
tion,  amoebic  pus,  &c.),  a  plane  and  a  concave  mu-ror,  objectives,  and  eye- 
pieces, the  following  accessories  should  be  obtamed  ■ 

An  Abbe  condenser,  and  a  mechanical  stage,  allowmg  free  movement 
of  the  slide  from  before  back  and  vice  versa,  and  fi-om  side  to  side. 

Swift's  mechanical  stage,  costing  2L  10s.  out  of  the  17?.  10s.  above  quoted 
is  not  essential,  but  is  a  very  great  convenience,  so  that  it  becomes  ahaiost 
indispensable  in  prolonged  bacteriological  work. 

The  vulcanite  stage  recommended  has  a  ruled  scale  at  one  corner,  by 
means  of  which  it  is  possible  always  to  locate  a  single  organism  m  a 
preparation,  when  once  the  position  of  one  angle  of  the  shde  has  been  noted 

and  recorded.  ,     ,  .      ,  ■         j  i  • 

The  objectives  required  for  ordinary  work  are  the  §  m.,  ^  in.,  and  m. 

oil-immersion  lens  (see  p.  29). 

The  eye-pieces  most  often  used  are  No.  2  and  No.  4. 

In  selecting  objectives  and  eye-pieces,  it  must  be  remembered  that  clear 
definition  is  of  more  importance  than  magnification,  and  that  with  the 
higher  powers,  generally  speaking,  increase  in  magnification  is  associated  with 
more  or  less  loss  of  definition.  Besides  clear  definition,  and  freedom  from 
coloured  images  (due  to  chromatic  aberration),  'flatness'  of  the  field  is  the 
great  criterion  of  a  good  lens.  When  looking  at  the  centre  of  the  field,  the 
periphery  should  be  almost  equally  clearly  seen  at  the  same  time,  without 
altering  the  focus.  This  is  a  point  of  great  importance  when  choosing  the 
higher  objectives,  such  as  the  ^  in.  oil-immersion  lens. 
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.      The  magnifying  power  of  the  objectivfes  made  by  Messrs.  Swift  &  Son 

IS  ancLcatecnn  the  subjoined  table  supplied  by  that  finn.  Tin"" 
No  2  eye-piece  and  a  ^  in.  oil-imme.sion  lens,  the  magnification  amount' 
to  580  times  the  actual  size  of  the  object  examined.  amounts 

Table  showing  the  Magnifying  Power  of  Objectives  with  thf  Eye 

PIECES  mentioned  THEREIN  AT  THE  TWO  POSITIONS  OF  THE  DraW  TuBE 
NAMED  IN  TABLE. 

Objectives— Draw  Tube  closed 


Jiye -pieces 

U,  X 

1 

No.  2 

No.  3 

No.  4 

j      No.  5 

1  ■ 

\ 

)-Diameters 
1 

l-in. 

o 
3 
1 
o 

1 

4 

6^ 

JL 
8 

fin 
ou 

175 

1  HQ 

275 
385 

35-5 

50 

85 
105 
168 
240 
292 
412 
630 

47 
70 
115 
150 
224 
325 
386 
550 
730 

60 
90 
145 
180 
280 
420 
492 
687 
925 

77 
115 

t  185 
240 
335 
540 
625 
824 
1180 

Draw  Tube  fully  extended 

1-in. 

45 

67-5 

90 

112 

140 

J 

64 

96  t 

128 

160 

192 

107 

158-5 

214 
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'  In  using  the  microscope  with  all  powers,  from  ^  in.  objective  and  up- 
wards, the  concave  mirror  must  be  used  and  moved  up  the  pillar  on  which 
it  slides,  mitil  it  is  stopped  by  the  check  screw.  The  mirror  in  this  position 
will  give  the  greatest  amomit  of  light.  With  the  i"-  and  lower  power 
objectives  the  flat  mirror  should  be  used,  no  particular  distance  being  essential. 
These  remarks  only  apply  when  no  sub-stage  condenser  is  used.' 
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Methods  for  Fixing,  Hardening,  and  Imbedding  Tissues 

Fixation -Prior  to  hardening  the  tissues,  a  fixative  is  often  desirable, 
a  satm-ated  sohxtion  of  Corrosive  Sublimate  being  the  best  for  general  use. 

^^'Hermann's^tollxtion,  for  cancer  parasite  work,  is  also  mentioned  on  the 

''"poK^s'olution  is  also  excellent,  and  is  made  by  satm-ating  MuUer's  fluid 
with  corrosive  subUmate. 

How  to  harden  fresh  tissues :  _ 

i  Formalin  method.Small  pieces  of  tissue,  not  more  than  ^  m.  m 
thickness,  are  placed  in  a  1  in  4  solution  of  formalin  for  fifteen  to 
twenty  hours,  and  then  soaked  in  a  solution  of  gum  mucilage,  made  from 
gum  arabic,  for  three  or  four  hours.  Sections  are  cut  with  a  freezing 
microtome  and  gently  brushed  off  the  razor,  or  planing  iron,  into  distiUed 
water. 

[More  rapid  sections,  sufficiently  satisfactory  for  diagnosis,  can  be 
obtained,  in  an  emergency,  by  hardening  thin  pieces  in  pure  formalm 
(a  40  per  cent,  solution  of  formic  aldehyde)  for  half  an  hour,  and  then 
soaking  in  gum  for  another  half-hour.] 

For  the  methods  of  staining,  see  p.  97  et  seq. 

ii.  Alcohol  method.— To  harden  the  fresh  tissue,  a  small  piece  is  placed 
for  twenty-four  hours  in  each  of  the  following  solutions  of  alcohol:— 
30  per  cent.,  60  per  cent.,  90  per  cent.,  and  finally  in  absolute  alcohol. 
It  is  then  ready  for  imbedding  in  paraffin  or  celloidin,  as  directed  below. 

If  the  freezing  microtome  is  to  be  used,  the  tissue  need  only  be  passed 
through  30  per  cent.,  and  60  per  cent.,  of  alcohol,  and  then  methylated  spirit, 
avoiding  the  use  of  absolute  alcohol.  Before  letting  into  gum,  however,  the 
tissue  must  be  transferred  from  the  alcohol  into  water,  and  allowed  to  soak  for 
an  hour  or  so,  to  remove  the  excess  of  alcohol.  This  is  not  necessary  when 
formalin  is  used. 

How  to  imbed  hardened  tissues.— A.  To  imbed  in  paraffin  : 

1.  From  absolute  alcohol,  transfer  to  a  mixture  of  equal  parts  of  absolute 
alcohol  and  chloroform,  till  the  tissue  sinks. 

2.  Transfer  to  chloroform  for  one  hour. 

T 
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3.  Then  place  in  a  mixture  of  equal  parts  of  chloroform  and  paraffin 
(melting  point,  53°  C.)  m  stoppered,  wide-mouthecl  bottles,  in  which  it  shoiUd 
be  kept  for  four  hours,  at  56°  C,  in  the  paraffin  cupboard. 

4.  Transfer  to  pure  paraffin  for  one  hour,  and  then  place  in  fresh  paraffin 
overnight.    Keep  m  the  paraffin  cupboard  at  56°  C. 

5.  Smear  vasehne  lightly  on  the  inner  surface  of  any  convenient  little 
receptacle,  cardboard  piU-box,  coverslip-box,  &c.  Poiu-  in  a  httle  melted 
paraffin  ;  as  it  begins  to  show  signs  of  cooling,  transfer  to  it,  with  fine  forceps, 
the  piece  of  tissue  to  be  imbedded  ;  cover  it  with  melted  paraffin,  and  allow 
this  to  soUdify. 

Sections  are  then  cut  and  stamed  according  to  the  dh-ections  given  on 
pp.  99-100.  ' 

B.  To  imbed  in  celloidin.— Thin  and  thick  syrupy  solutions  of  celloidin 
are  made  in  a  mixture  of  equal  parts  of  absolute  alcohol  and  ether. 

The  tissue  is  hardened  in  alcohol,  m  the  way  described.  It  is  trans- 
ferred from  absolute  alcohol  to  a  mixture  of  equal  parts  of  absolute  alcohol 
and  ether,  for  twenty-four  hours.  It  is  then  kept  for  twenty-four  hom-s, 
first  in  the  thin,  and  then  in  the  thick,  solution  of  celloidin. 

Finally,  the  tissue  is  placed  on  a  small  cube  of  wood,  to  which  it  soon 
becomes  firmly  adherent,  especially  on  transferring  it  to  a  bottle  contain- 
ing 60  per  cent,  alcohol.  It  is  then  ready  for  use,  and  can  be  kept  for 
any  length  of  time  in  this  solution  till  required.  The  cube  of  wood  is  then 
clamped  in  a  Schanze's,  or  other  form  of,  microtome  adapted  for  cutting 
tis8ues"imbedded  in  celloidin.    (For  further  details,  see  p.  100.) 
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The  foUowing  tables  may  be  of  use  to  the  student  for  reference  and 
recapitulation  of  facts,  most  of  which  have  been  already  mentioned  m  the 
test : 

TABLE  I 


B.  procligiosus . 
B.  cyanogevMS  . 
B.  pyocyaneus  . 
B.  fluorescens  liquefaciens 
B.  fluorescens  non-liquefaciens 
Micrococcus  agilis  . 
Sarcina  lutea  ^ 
Spirillum  ruhrum  . 
B.  suhtilis 
B.  merjateriimi 
B.  mycoicles 

Sacc haro my ces  cerevisice 
Torula  rosea  . 
Torula  nigra  . 
Saccharomyces  {Oulium) 
Penicillimn  glaucicm 
Aspergillus  niger 
Mucor  muceclo . 
Microsporon  Audouini 
TrichopJiyton  tonsurans 
Achorion  Schdnleini 
Proteus  vulgaris 

„  Zenlceri 

„  mirabilis 


Gelatine 

I'T  .1  rin  ofi  or!  T. 
1  ijltlllclicUj  Xi.) 

uon-liqueflecl, 

N.-L.) 

Motility 

(Motile,  M., 
noQ-inotile, 
K.-jr.) 

Spore 

formation 

(Present,  s., 
not  known, 

L. 

N.-M. 

N.S. 

N.-L. 

M. 

S. 

L. 

M. 

s.  (?) 

L. 

M. 

N.S. 

N.-L. 

N.-M. 

N.S. 

L. 

M. 

N.S. 

L. 

N.-M. 

N.S. 

N.-L. 

M. 

N.S. 

L. 

M. 

S. 

L. 

M. 

S. 

L. 

M. 

S. 

s. 

1  N.-L. 

N.-M, 

ns  . 

s. 

N.-M. 

N.S. 

1  '■ 

M. 

N  S 

'  Sarcina  pulmonuin  and  Sarcina  ventricidi,  found  in  phthisical  sputum,  and 
the  stomach,  respectively,  do  not  liquefy  gelatine. 
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 ■  

(Liquefied,  i,., 
noii-liquefied, 

N.-L.) 

xiLOtiiity 

(Motile,  M., 
nou-iiiotiJe, 

N.-M.) 

Spore 
formation 

(Present,  s,, 
not  known, 

N.S.) 

Staphylooocctcs  pyogenes  aureus 

L.  (one  \ 

var.  N.-L.) 

)i                ,t  citreus 

L 

))  albus 

L.  (one 

- 

N.-M. 

N.S. 

var.  N.-L.) 

„            epidermidis  albus  , 

L 

,)            ceretis  albus  . 

1 

„    flavus  . 

r  N.-L. 

N.-M. 

N.S. 

Streptococcus  pyogenes  . 

I         W  T 

N.-M. 

„  erysipelatis 

Y  N.-L, 

N.S. 

PneumocoGcus  of  Talamon-FrdnJcel 

(no  gi'owth) 

N.-M. 

N.S. 

Pneumobacillus  of  Friedldnder 

N.-L. 

N.-M. 

N.S. 

Gonococcus  of  Neisser 

(no  growth) 

M.  (slightly) 

N.S. 

Micrococcus  tetragonus  . 

N.-L. 

N.-M. 

N.S. 

„          Melitensis  . 

N.-L. 

M. 

B.  aerogenes  capsulatus  . 

L. 

N.-M. 

N.S. 

B.  antliracis  ..... 

L. 

N.-M. 

S. 

B.  tuberculosis  .... 

N.-L. 

N.-M. 

s.  (highly 

B.  leptrcB  ...... 

probable) 

IT  / 

(not  yet 

cultivated) 

B.  mallei  (glanders) 

N.-L. 

N.-M.' 

N.S. 

(probably) 

B.  diphtherice  

N.-L. 

N.-M. 

N.S. 

B.  typhosus     .       .       .       .  . 

B.  coli  communis  .... 

1     N.-L.  ' 

M. 

N.S. 

B.  enteritidis  of  Gartner 

Vibrio  cliolertB  Asiaticce  . 

,,  Metclmihovi 

1 

M. 

N.S. 

„  Finlder-Prior 

Streptothrix  of  Actinomycosis 

L. 

N.-M. 

N.S. 

„         of  Madu  ra  disease 

N.-L. 

N.-M. 

N.S. 

B.  of  Mouse  sejjticcemia 

N.-L. 

M.  (?) 

N.S. 

„    Influenza      .       .       .  . 

(no  growth) 

N.-M. 

N.S. 

JD  WUOIt-iV  pLa(JllL'  ... 

N.-L. 

N.-M. 

N.S. 

„    Yelloiv  fever  .... 

N.-L. 

N.-M. 

N.S. 

B.  of  Tetanus ..... 

B.  of  Malignant  oedema  . 

}  - 

M. 

S. 

B.  of  QH.arter-evil  .... 

'  There  is,  however,  marked  Brownian  movement 
preparation  (Hewlett). 


visible  in  a 


hanging-drop 
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TABLE  II 

A  table  showing  the  effect   of  treating 
organisms  by  Gram's  method. 

certain   of   the  pathogenic 

Gram's  Method  of  Staining 

stained 

Decolorised 

Stapliylococcus  (all  varieties) 
Streptococcus  pyogenes,  and 

erysipelatis 
Micrococcus  tetragonus 
'  Pneumococcus  of  Talamon- 
FroMkel 

Gonococcus  of  Neisser 
Biplococcus  intracellidans 

meningitidis  (Weichsel- 

baum) 

Biplococcus  of  non-tuber- 
culous, posterior  menin- 
gitis (Still).  ' 

Micrococcus  Melitensis. 

Bacilli    .  ■< 

XJ  ,     Cv6l  OCft/ll'i^O    VtVjJO  LVVWUWV 

„  anthracis 
„  tuberculosis 
„  leprcB 

„  dipMhericB  (Klebs-Loffler) 
„  nmrisepticus  {Mouse-sep- 

ticcemia) 
„  icteroides  {Yellow  fever) 
^  Bacillios  of  Tetanus 

Streptothrix  of  Actinomycosis 
„        Madura  disease 

Pne-umobacillus  of  Fried- 
lander 

B.  mallei  {glanders  bacillus)] 

„  tyjjhosus 

„  coli  communis 

„  enteritidis  of  Gartner 
Vibrio  cJwlerce  Asiaticce 

„  MetchniTiovi 

„  Finhler- Prior 
B.  influenzcB 

„  pestis  {Bibbonic  ptlague) 
„  of  Malignant  cedema 
»  of  Symptomatic  anthrax. 

School  (viediciin^ 
ONivERsrry  of  Leeds. 


INDEX 

,  -e  and  /.n.,  at  the  end  of  a  page-number,  indicate  respectr 
exemse,  or  lesson,  and /oof-note] 


'  Aaron's  rod,' 92 

Abbott,  42,  155,  165,  206,  230,  234,  235, 
262,  268 

Abscess,  actino-mycotic,  208-209 
acute,  102,  106 
cold,  208,  209 
lung,  64 

Uver,  105,  110,  249-51 
metastatic,  or  pyssmic,  103, 

106 
'  stitch,'  109 
typhoid,  105 

tropical  105,  110,  249-51 
Achlorophyllous  Thallophytes,  37,  54 
Acliorion  Schonleiiii,  93 
Acid-fuchsin,  or  rubin,  252 

and  orange  G,  255,  257 
Acid  gelatine,  125 

Acid,  lactic,  bacillus  of  (Hueppe),  58 
Acid,  lactic,  fermentation,  40,  58 

formation  of,  39 
Actinomycosis,  37,105, 141,  207  e.,  208- 
213 

Adamson,  77-9,  82-4,  89 

Adamson's  stain  for  ringworm,  and 

favus,  77-8 
Adipocere,  68 
Aerobes,  facultative,  36 
Aerobioscope,  261 
Agar,  '  English  proof.'  73,  90 

'  French  proof,'  73,  86,  88-90 
Agar-agar,  nutrient,  9 

preparations  from,  9-10,  73, 
125 

Agghitination  of  bacilli,  184 
Agilis,  Micrococcus,  44e,  45 
Acjilis  citreiis,  M.,  45 
Ague,  239-48 

Air,  examination  of,  qualitative,  259, 
quantitative,  259-62 
for  Anaerobes,  262 

Methods  : 
Aerobioscope  (Sedgwick-Tucker's), 
261 

Hesse's  Apparatus,  260 

Petri's  sand-filtering  apparatus,  261 


Alg£e,37 

Alopecia  areata,  »i 

Amcsba  coli,  105,  251 

Amcebte,  cultivation  of,  249 

Amoebic  dysentery,  249-51 

Anaerobes,  facultative,  36 

obHgate,  36,  222-33 
methods  of  cultivation,  222- 
226 

methods  of  isolation,  226 

isolation  from 
air,  262 

Angers,  variety    of  cholera  bacillus 

found  at,  202 
Angina,  non-diphtheritic,  163 
Aiwphelcs   (genus   of   mosquito),  and 

malaria,  244 
'  Anthrax,'  old  name  for  a  '  carbuncle, 

134 

Anthrax,  129e,  133-9 

Anthrax  hacillits,  asporogenous  growth, 

129e,  137-8 
false     spores  (microspores), 

137 

spore-formation,  136-7 
spores    isolated   from  water, 

265 
threads,  267 
toxic  products,  136 
Anthrax,  Symptomatique,  235-9 
Antiseptics,  in  media,  6,  8,  179-80 

methods  of  testing,  267e- 
268-9 

Anti-streptococcus  serum.  111 
Anti-toxin,  Diphtlieria,  167-8 

Clinical  Society's 
Report  on,  168 

dose  of,  168 

units,  167 
Anti-toxins,  166 
Apparatios,  Botkin's,  226 

Hesse's,  260 

Petri's,  261 

Wolffliiigel's,  27 
Ascitic-fiuid  agar,  125 
'  Aseptic  suppuration,'  105 
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Aspergillus,  71e 

flavus,  72 
fumigatus  72,  150 
nigcr,  72 

Asporogenoiis  anthrax  bacilli,  129 

Bacillus,  aerogenes  capsulatus,  104 
amylobacter,  60 
anthracis,  133 

Charbon  symptomatique,  or 
Chauveau's  (Quarter-Evil), 
233 

coli  communis  (bacterium  coli 

commune),  172 
cyanogenus,  40 
diphtheria;  (Klebs-Loffler),  157 
Eberth's  (B.  typhosus),  172 
enteritidis  (Gartner),  189 
Escherich's  (B.  coli),  172 
Finkler-Prior's  (Vibrio),  202 
fluorescens  liquefaciens,  44 

non  -  liquefaciens, 
45 

Friedlander's  pneumo-,  121 
Gartner's  (B.  enteritidis),  189 
Glanders,  155 

Hoffmann's  pseudo-diphtheria, 
163 

icteroides  (Yellow- fever),  192 
influenza;,  217 

Klebs-Loffler  (Diphtheria),  157 
Koch's  cholera-,  or  '  comma-,' 
193 

Lactic  acid-,  58 
lepne,  151 

Leptothrix  buccalis,  37 
LolUer's  pseudo-diphtheritic, 
163 

Lustgarten's  (Syphilis),  144 
Malignant  oedema-  (Vibrion 

septique),  233 
mallei  (Glanders  bacillus),  155 
megaterium,  51 

mesentericus  vulgatus,  63  j 

murisepticus  (Mouse  septi 
casniia),  215 

mycoides,  52 

pestis  (Plague),  218 

Pneumo-,  of  Friedliinder,  121 

prodigiosus,  38 

pseudo-diphtheria,  or  pseudo- 
diphtheritic,  163 

pyocyaneus,  40 

Quarter-evil,  235 

Smegma-,  144 

subtilis,  49 

Swine  erysipelas,  215 

Syphilis,  144 

tetani,  226 

tuberculosis,  139 


basic 


for  coverslips. 


1  Bacillus,  typhosus,  172 
Tyrothrix,  61 

Vibrion  septique  (Malignant 
(Ldema),  233 

Xerosis,  166 

Yellow  fever,  192 
Bacteria,  chromogenic,  38 

classification  of,  37 
Bacteritemia,  115 
Bacterium,  definition  of,  36 
Bacterium  coli  commune,  172 
Barlow,     Dr.,     on  posterior 

meningitis,  104 
Basidia,  72 
Bath,  Water-,  23-5 
Beard-ringworm,  82-5 
Beer,  manufacture  of,  61 
Beer- wort  agar-agar,  8 

gelatine,  9 
Beer-yeast,  58,  61 
Beggiatoa  alba,  37,  43 
Bichromate  solution 
170 

Black-leg  (Quarter -Evil),  235 
Blackwater  fever,  248 
Blaxall,  75-93 

Plate  culture  for  ringworm,  75 
Bleeding-bread,  or  -host,  38,  63 
Blood-agar-agar,  116,  118,  125 

plates,  125-6,  207 
Blood,  bacteriological  examination  of, 
103 

cultivation  of,  103 
j  film  preparations  of,  240-2 

'Blood-rain,'  'Bloody-sweat,'  &c., 
39 

Blue  milk,  35e,  40 
Bodin,  70,  93 
Boils,  102,  106,  107 
Bordeaux-red,  257 
Borrel,  231 
Bostrom,  211-12 

Botkin's  apparatus  for  anaerobes,  24 
Botrytis,  92 
'  Bottom  '-yeast,  61 
Boyce  and  Giles,  214 

and  Surveyor,  254 
Braatz,  268 
Bread,  63 

bleeding,  38,  63 

diseases  of,  63 

paste,  211 
Brewing,  55,  61 
Bronchiectasis,  64 

Bronchitis,  and  broncho-pneumonia,  110 
Broth,  nutrient  (see  '  Media  '),  2-5 
Brownian  movement,  178 
Bruce,  185 
Bubonic  plague,  218 
Buchner,  60 

Buchner's  method  for  anaerobes,  222 


38, 


INDEX 


281, 


Buclcling,  54-6 
Bulloch,  110-15,  162 
Butlin,  253 

Butter-cloth,  or  -rnushu,  4, 


CUiVES,  septicffimic  cliarrhcea  of,  189 
Camel-hair  brush,  for  plate  cultures,  26, 
182 

Cancer,  36,  46,  56,  59  f.n. 
Cancer  parasite,  254 

cultivation  of,  258 
examination   of  fresh 

specimens,  256 
inoculation  with,  258 
methods  of  fixing  and 
hardening  tissues, 
256 

methods    of  staining, 
257 

results  of  staining,  255 
subsequent  observation 

on,     by  Lambert 

Lack,  259 

Cancer,  treated  by  Coley's  fluid,  101,  111 
Canon,  217,  218 

Capsulated  organisms,  118,  119,  120, 
123 

Capsule,  or  halo,  118,  119,  122,  127, 
220 

Carbuncle,  102,  106,  155 

Caries,  dental,  37,  206 

Carr,  on  posterior  basic  meningitis, 

204  f.n. 
Casein,  60,  61 

Cat,  a  carrier  of  plague,  219 

Caustic,  use  of  for  dog-bites  condemned, 

108  f.n. 
Celloidin  sections,  200 
Centrifuges,  131,  132 
Cerebro-spinal  meningitis,  104 
Chalazion,  166 
Chamberland  filter,  238 
Chameleon  phenomenon,  35e,  41 
Charbon  (anthrax),  134 

Symptomatique,  235 
Chauveaii^s     bacillus  (Symptomatic 
anthrax),  235 
false  spores  (Anthrax),  139 

Cheese,  60-1 

Spirillum  Tyrogenum  of,  206 
Chenzinsky's  mixture,  218 
Cheyne,  Watson,  108,  253 
Chlamydo-spores,  92,  141,  142 
Chloasma,  73 
Cholera  bacillus,  193 

examination    of    dejecta,  and 
water,  for,  199 

varieties  of   (Massowah,  &c.), 
201 

Cholera  nostras,  202 


'Cholera-red,'  or  ' nitroBO-indor  reac- 
tion, 198 
Chroniogenic  bacteria,  88-47 

formation  of  pig- 
ment, 42 
Cladothrix  dichotoma,  37,  43 
Classification  of  bacteria,  36-8 
Clostridvmn  hiityricum,  58 
Coccidium  oviforme,  251 

cultivation  of,  252 

Cocco-bacilli,  122 
Coccus,  38 

Coley's  Fluid,  40,  111 
Colitis,  membranous,  215 
Collier,  H.  S.,  232 
Colon  bacillus,  172 
Colour-formation,  42 
Columella,  73 
Comma-shaped  bacilli,  38 
Commensals  and  coramensalism,  76,  92, 
98 

Conidia,  73 

Conjunctivitis,  Follicular,  166 
Coppen  Jones,  141 
Cornet  spring-clip  forceps,  14 
Coverslips,  to  clean,  13,  14,  170 

preparations,  to  make,  13- 
15 

examination  of, 
29 

Crookshank,  131  f.n.,  209  f.n.,  215,  219, 

238 
Crosse,  248 

Cultivation  methods.  General,  18-29 

Esmarch's  roll-tube,  21,  22, 
26 

liquid  media,  18 

plates  and  Petri  dishes,  22- 

20,  27,  28 
agar-agar  plates,  25-6 
gelatine  plates,  23-5 
'  shake,'  20 

solid  media,  19 

stab-cultures,  20 

streak,  or  oblique,  cultures, 
20 

— special : 
Amoebas,  250 
Anaerobes,  222-6 
Cancer  parasite,  258 
Favus  and  Eingworm,  74-6 
Gonococcus,  124-6 
Nitro-monas,  69 
Psoro-spermosis,  252 
Cultures,  examination  of,  26-32 

pure,  made  from  mixed  plate, 
28 

sterilisation  of,  33 
Cunningham,  201 
Cutaneous  erysipelas,  113 
Cystitis,  65,  172 
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Dauier  and  Wickham,  253,  254 
Daughter-cells,  55 
Davaine,  72 

Dead  bacteria  in  serum  diagnosis,  185, 
187 

Decinormal  solution  of  potash  or  soda, ' 

strength  of,  223  f.n. 
Defensive  agencies"  of  the  body,  167 
Dejecta,  choleraic,  201 
Dcl6pine,  13,  180 

method  for  inoculating,  tuber- 
culous material,  145-8 
Del6pine  and  Cooper,  Psorospermosis,251 
Deneke's  cheese  vibrio,  206 
De-nitrification,  68 
Dental  caries,  37,  206 
Diarrhoea,  Septicaamic,  in  calves,  189 
Diastase,  58,  59 
Dilated  bronchi,  64 

Dilution  method  for  isolating  B.  typlw- 
sus,  180 

Diphtheria  and  the  Klebs-Loffler  bacillus, 
154c,  157-68,  269 
arrangement  of  bacilli  to 
form '  Chinese  characters,' 
161 

presence  of  bacilli  in  urine, 

162  f.n. 
and  the  '  Pseudo- '  bacillus, 

163 

reaction  of  broth  cultures, 
159 

relation  between  long  and 

short  bacilli,  161 
toxalbumin  and  anti-toxin, 
163,  167,  168 
Diphtheritic  membrane,  examination  of, 

161,  162 
Diplococcus,  38 

intracellularis  meningiti- 
dis, 104 
of  posterior  basic  mmiyi- 

gitis,  104  f.n. 
urethrcc  communis,  125 
Disc,  Pakes's  Enumerating,  28 
Diseases  of  beer,  62 
bread,  63 
wine,  62 
Disinfection,  269-70 

by  chlorine,  270 

formic   aldehyde,  269, 

and/.7^. 
sulphur  dioxide,  270 
Doudney's  incubator,  22 
Drysdale,  270 
Duclaux,  61 
Dunham's  solution,  200 
Durham  on   dilution   in   serum  dia- 
gnosis, 189 
on  Giirtner's  bacillus,  and  un- 
sound meat,  189 


Durham-Gruber  reaction,  200,  201  202 
Dysentery,  Tropical,  105,  249-51  ' 


Eberth's  bacillus  (B.  txjphosus),  172 
Ectospores  of  ringworm  fungi,  83 
Egg-albumin,  99 

Ehrlich-Biondi  solution,  241,  257 
EhrHch's  hematoxylin,  241 
Eisner's  potato-gelatine  medium,  13, 
175 

Emphysema,  surgical,  233 
Emphysematous  gangrene,  105,  233 

swellings  in  Quarter- 
Evil,  235 
Endocarditis,  gonorrhceal,  103 

septic,  or  ulcerative,  102, 
103,  106 

Endogenous  spore-formation,  55,  56 
Endospores  of  ringworm  fungi,  84 
Endosporium,  53 
Enzymes,  58 

Erysipelas,  cutaneous,  113 

phlegmonous,  113-14,  155 
Escherich's  bacillus  {B.  coU),  172 
Esmarch's  roll-tube  culture,  21,  224 
Exflagellation,  245 
Exosporium,  53 

Experimental  tuberculosis,  145-8 
Eyre,  166 


Faeoy-buds,  155 
'  Favic  tarsus,'  94 
Favu,s,  73e,  74,  76,  93-5 

ivith  trichophytoid  lesions,  79, 
80,  95 

Fermentation,  54,  57,  67 
acetic,  58 
ammoniacal,  58 
butyric,  58,  60,  62 
lactic  acid,  58 
mannitic,  63 

in  the  case  of  beer,  bread, 

and  wine,  61-3 
and  putrefaction,  67 
Ferments,  organised  and  unorganised, 
57,  58 

Fever,  Malta  or   Mediterranean,  185, 
191-2 
Typhoid,  172 
Yellow,  192 
Filaria  Nocturna,  244 
Film  preparations,  to  make,  13-15 
Films,  blood,  to  prepare  and  fix,  240- 
241 

to  stain,  241-2 
Manson's  cigarette-paper  method, 
240 

Filter  paper,  to  fold,  5-7 
Filters,  Berkefeld,  11,  125,  163 
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Filters,  Pasteur-Cliamberland,  11,  163, 

180.  231 
Finkler-Prim-  vibrio,  202-4 

Fischel,  141 
Fission-fungi,  52 
Fixatives,  250,  273 
Flasella,  53 

°       -staining,  169-172 

Van  Ermengem's 

method,  170 
Pitfield's  method, 
172 

Flagellate  bodies,  240,  243-4,  245 
FlageUulffi,  243 
Foa,  254 

Foa's  solution,  273 

Formate  of  soda  agar-agar,  10 

broth,  5 

gelatine,  8 
Foulerton,  123-9,  231  f.n. 
Fox  and  Blaxall,  74-93 
Frankland,  69,  264-5  . 
Fringe  of  mycelium  on  ringworm  hair- 
bulb,  82-4 


Gamaleia,  149 

Gangrene,   emphysematous,  105,  233, 
235 

spreading  traumatic,  233 
Gangrenous  septicfemia,  233 
Gartner's  bacillus  enteritidis,  183,  189- 
191 

contrasted  with  B.  typhosus 
and  B.  coli,  190 
Widal's  reaction  given,  190 
Gelatine,  acid,  and  alkaline,  125 

nutrient-,  7 

beer-wort-,  8 

formate  of  soda-,  8 

glucose-,  or  sugar-,  8 

glucose-glycerine-,  214 

-glucose-broth,  236 

glycerine-,  8 

phenol-,  8 
Gemmation,  54,  55,  56,  57 
'  German  blotting-paper,'  2,  18 
German  yeast,  63 
Giant  spores,  88,  84  f.n. 
Giles,  254 

Gland  of  Bartholin,  and  gonorrhoea,  123 
Glanders  (and  Farcy),  155 
mallein,  157 

preparation  of,  157 
Strauss's  method  of  diagnosis, 
157 

Widal's  reaction,  157 
Glycerine  egg-albumin,  99 
Gonococctts  and  gonorrhoia,  123-7 
mode  of  invasion,  124 
cultivation  of,  124 


Gonococms,  cultivation  of,  Foulerton  s 
method,  125-126 
method  of  multiplication, 
127 

special  characters  of  or- 
ganism, 127 
Gonorrhoeal  abscesses,  124 

arthritis  and  endocarditis, 

103  f.n. 
salpingitis,  124 
urethritis,  123,  124 
'  Gorgon  locks  '  (anthrax),  135,  137 
Gram's  iodine  solution,  96 

method  of  staining  films,  96 

sections,  98 
effect  of  stain  on  patho- 
genic organisms,  277 
Granuloma,  142,  143,  208 
'  Grapes,'  The,  148 
Gregarinosis,  251 
Grippe,  La,  217 
Grist,  59 


HiEMATOCBiT  for  Centrifuge,  132 
Hffimatozoon  of  malaria,  242 

of  tsetse-fly  disease,  248 
Hffimoglobinuric,  or  Blackwater  fever, 
248 

Haffkine,  219,  220 

Hairs,  favus  and  ringworm,  to  cultivate 

from,  75 
Halliburton,  Prof.,  58 
Halo-like  capsule,    118-19,   122,  127, 

220 

Halteridmm,  245 
Hanging-drop,  to  make,  30 

to  examine,  30-1 

Hankin,  221 

Hansen,  55 

Harpoon,  29 

Hay-bacillus,  149 

Hay-infusion,  124 

Hearson's  incubator,  23 

Heart's  blood,  to  examine  bacteriologi- 

cally,  120,  152 
Hectic  fever,  110 

Heidenhain's  iron-htematoxylin,  257 

method     for  Ehrlich- 
Biondi  mixture,  257 
Hermann's  solution,  256 
Hesse's  apparatus,  259 

method,  260 
Hewlett,  4,  9,  105,  142,  150,  154,  135, 
213,  218 

Hewlett  and  Knight  on  Pseudo-diph- 
theria bacillus,  163-5 

'  High,'  or  '  top,'  yeast  fermentation, 
61 

Ho'ffmami' s  [pseudo-diphtheria)  bacillus, 
163 
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Horsley,  Prof.,  case  of  tetanus,  232 
Hueppe,  Ml 

Hughes,  M.  Louis,  on  Malta-fever,  191 
Hydrocele  fluid  agar,  125 
Hydrolytic  action  of  ferments,  59 
Hyeni,  2-11 

HyphtB,  54,  71,  72,  73,  74,  76 
Hypho-niycetes,  54 

Hypodermic  needle,  to  sterilise,  152  f.n. 

IcTERoiDEs,  Bacillus  (Yellow  Fever),  192 
Imbedding  methods,  celloidin,  274 
gum,  273 
paraffin,  274 

Immunisation,  166-7 
Immunising    serum,    preventive  and 
curative,  166.  (See  also  under '  Serum, 
Immunising  ') 
Immunity,  how  produced,  166 
active,  167 
passive,  167 
Impression  preparations,  31 

of  ringworm 
fungi,  92 

Incubators,  22,  23 

Indol  reaction,  169, 174, 177, 193, 198, 203 
Infection,  mixed,  102 

polymicrobic,  115 
Influenza,  217-18 
Injection,  intravenous,  104  f.n. 
Inoculating  media,  methods  of,  18-26 
Inoculation  for  diagnostic  purposes,  145 
protective,  against  Enteric 

Fever,  189 
protective,  against  Plague, 
220 

protective,  against  Quarter- 
Evil,  238 

Intra- cerebral  injection  of  tetanus  anti- 
toxin, 231-2 
Intra- venous  injection,  104/.J?. 
Invertin,  58,  59',  60 
Involution,  47 


Jakowski,  on  hectic  fever,  110 
Jenner's  stain,  241 
Jones,  Coppen,  141 
Jorgensen,  60 


KuMTHACK,  213-15,  225  f.n. 

and  Conneil,  228-9 
and  Drysdale,  270  f.n. 

Kenwood,  H.,  266,  269-70 

Kerion,  82 

Kipp's  hydrogen  apparatus,  224. 
Kitasato,  218,  219,  226-7,  238 
Klatschpriiparate,'  31 


Kleh^-LUfJier  bacillus,  157 

arranged  in  '  Chinese  clia- 

racters,  161. 
involution  forms,  160 
long  forms,  160 
short  forms  160 
polar-staining,  160 
reaction  of  broth  cultures 

159 

in  urine,  162  f.n. 
mode  of  infection,  163 
nature  of  poison,  163 
Toxalbumin,  163 
Koch,  Prof.  E.,  Blackwater  Fever,  248 
Cholera  bacillus,  193- 
206 

B.  murisepticiis,  215 
Micrococctis  tetraqonus, 
128 

Postulates,  101,  123, 129 
Tests  for  antiseptics,  268 

Koch,  W.,  Anthrax  statistics,  133 

Kruse  and  Pasquale,  251 

Lactic  acid  bacillus  (Hueppe),  58 
Lactic  acid  formation,  39 
Lager  beer,  62 
Lanceolate  cocci,  119,  120 
Laveran's  Crescent,  243-4 
Leaven,  63 

Lens,  magnification  by,  271 

oil-immersion,  use  of,  29 
Lejirosy  bacillus,  129,  151,  152 
Leptothrix  biiccalis,  '61 
Loffler's  pseiido-divhtheritic  bacillus, 

163 
Lorans,  219 

'  Low  '-yeast  fermentation,  61,  62 
Lunar  caustic,  condemned,  108  f.n. 
Lustgarten's  syphilis  bacillus,  110 

MacCalluji,  245 
MacFadyean,  157 
Macfadyen,  142 

Madura  disease,  37,  207  e,  211,  213 

Malaria,  242 

conveyance  by  mosquitos,  244 
intoxication  (Blackwater  fever), 
248 

modes  of  infection,  245 
varieties  of  parasites,  246 

Malignant  cudema,  222e,  233-5,  236,  237 

Malignant  pustule,  133 

Mallein,  157 

Malt,  and  process  of  malting,  59 
Malta,  or   Mediterranean   fever.  185, 

191-2 
Mannite,  63,  76 
Maunitic  fermentation,  63 
Manson,  240,  242  f.n.,  243,  244-5 
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Martin,  Prof.  Sidney,  107, 136, 159, 182, 

183,  191  . 
Massoiuah,  cholera  vibrio,  201 
Measles,  110,  163 
Measuring  micro-organisms,  6^ 
Meat,  unsound,  and  Gartner's  bacillus, 

188 

Media,  Mamifacture  of,  2-13 
agar-agar,  nutrient,  9 

beer-wort  (or  wort),  9 
blood,  116,  118 
formate,  10,  225 
glucose  (or  sugar),  10 
glycerine,  9 
neutral  litmus,  10, 164 
serum,  12 
blood  serum,  11 

LofBer's  alkaline,  12 
bread-paste,  211 
broth,  nutrient,  2-4 
formate,  5,  225 
glucose  (or  sugar),  4 
glycerine,  4 
'Parietti,'  5,  179 
phenol,  5,  129,  138 
cancer-tissue  infusion  (for  cancer 

parasite),  258 
Dunham's  solution,  200 
gelatine,  nutrient,  7 

beer-wort-  (or  wort-),  8 
formate,  8 
glucose  (or  sugar),  8 
glycerine,  8 
phenol,  8,  179,  180 
Metchnikotif's  solution,  200 
milk,  12 

Pasteur's  solution,  11 
peptone  water,  10 
potato-gelatine    (Eisner's),  13, 

175,  176 
serum,  alkaline  blood-,  12 
agar,  12 
blood,  11 
'  Medusa  locks  '  (Anthrax),  135 
Membrane,  diphtheritic,  161 
Membranous  colitis,  215 

rhinitis,  163,  164 
Meningitis,  eerebro-spinal,  104 
posterior  basic,  104 
Meteorism,  172 

Methods  of  Cultivation- 
General  (see  'Cultivation  Methods'), 
18-29 

Metlwds  of  Cultivation — 
Special : 

For  Anaerobes : 
Botkin's,  226 

Buchner's,  222,  225/.n.,  234,  237 
Friinkel's,  223-5 
Kitasato's,  226 


Methods  of  Cultivation— (continued) 
Special : 
For  cancer  parasite : 

Plimmer's,  258 
For  Flagellate  bodies  : 
Manson's,  244 

Method  of  Examining : 

cancer-scrapings,  256 
cultures,  26 
films,  29 

hanging-drop,  30 
Method  of  Examining,  Post-mortem,  an 

infected  animal,  139, 152-3 
Method  of  Film-Preparation,  general, 
13-15 

Manson's   cigarette-paper  me- 
thod for  blood,  240 

Method  of  Fixing  Films,  15 

blood-films,  240-1 

Method  of  Hardening,  and  Embedding 

tissues,  256,  273 
Method  of  Inocidating  Animals,  intra- 
venously, 104 /.n.,  113 
siibczitaneoicsly,  for 
diagnosis  of  tuber- 
culosis, 145 
to  increase  virulence, 
per  passage,  110, 
113  /.«.,  181 

Sanarelli's  me- 
thod, 181 

Methods  of  Inoculating  Media,  18-26 
Methods  of  Staining : 
General,  16-18 
Special : 

Adamson's  (for  ringworm  and 

favus  fungi),  77 
cancer-parasite,  for  the,  257 
Ehrlich-Biondi  mixture  (Heiden- 

hain's  method),  241,  257-8 
Ehiiich's  hrematoxylin,  241 
Gram's,  for  films,  96 
Gram's,    and  Gram-Weigert's, 

for  sections,  98-9 
Hart's  (for  amoebas),  250 
Hewlett's   (for   glanders  bacil- 
lus), 154 
Jenner's  (for  malaria  parasite), 
241 

Mailer's  (for  spores),  47 
Noniewicz's  (for  glanders  bacil- 
lus), 154 
Pitfield's  (for  flagella),  172 
Van  Ermengeni's  (for  fiagella), 
171 

Ziehl-Neelsen's  (for  tuberculous 
sputum),  130 
(for  tissues),  132 
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Methods  of  Sterilising : 
•  •  cultures,  33,  181 
glass,  1 

hypodermic  needles,  152  f.n. 
instruments,  152 
media,  4 

tetanus  spores,  230 

tissues    and    organs   (e.g.,  heart 

and  spleen),  153,  182 
tuberculous   milk,    and  sputum, 
131 /.n.,  142 
Micrococcus,  38 

agilis,  45 

citreus,  45 
gonorrhoese.  123 
Melitensis,  191 
pyogenes  tenuis,  104 
tetragenus,  or  tetragonus, 
128 

tetragonus  subflavus,  129 
urete,  58 
Micrometers,  32,  33 

Microscope,     magnifying     power  of 
lenses,  271 
requisites  for,  270 
use  of  immersion-lens,  29 
Microspora     and     the  Microsporon 
Audou'ini,  79-93 
Chlamydospores,  92 
Commensalism,  92 
Fructification  of,  91 
Hanging-drop,  91 
Impression-prepara- 
tions, 92 
methods  of  cultivation, 
76 

methods  of  staining,  77 
Microsporon  furfur,  73 
Milk,  blue,'  40 

examination  of,  266 
organisms  found  in,  266 
sour,  organisms  of,  57 
sterilisation  of,  142 
used  as  a  medium,  12 
Mineral  gelatine,  69 
Miquel,  264,  266 
Mixed  infection,  102,  123 
Moller's  method  for  spores,  47 
Mosquitos  and  malaria,  244 
Mother  of  vinegar,  62 
Moulds,  54,  63,  70-95 

Achorion  Schonleini,  93 
Aspergillus  flavus,  93 

fumigatus,  93 
niger,  93 
Microsporon  Audouini,  79 

furfur,  73 
Mucor  corymbifer,  73 
mucedo,  72 
phycomyces,  73 
rhizopodiformis,  73 


Moulds,  Mucor  spinosus,  73 
stolonifer,  73 
(Oidium  albicans),  see  p.  73 
(     ,.     lactis),  see  p.  73 
Penicillium      glaucum,  70e. 
71 

Multiplication,  methods  of,  54 
Munro,  219 
Must,  62 

Mycehal  fringe,  82 
spores,  84 
Mycelium,  54 
Mycetoma,  207e,  211,  213 
Mycoderma  aceti,  58,  62 

pastorianum,  58 

vini,  62 


'  Nail  '  culture  of  Friedliinder's  pneumo- 
bacillus,  122 
I  Neisser,  Gonococcus  of,  104 

Xerosis  bacillus  of,  166 
Nitrate  beds  of  Peru  and  Chili,  68-70 
Nitrification,  68-70 
Nitrifying  organisms,  68-70 
Nitrogen-fixing  bacteria,  68  f.n. 
Nitro-monas,  69-70 
Nitroso-indol  reaction,  198 
Nocard's  experiments,  148 
Nodules  on  leguminous  plants,  68  f.n. 
Noniewicz's  stain  for  glanders  bacillus, 
154 

Normal  unit  ('  N.U. '),  167 


CEdema,  malignant,  233-5 
Ogata,  251 

Oidium  albicans,  53e,  56-7,  73 

lactis,  57,  73 
Oil-immersion  lens,  use  of,  29 
Olsen,  61 

Ophthalmia  neonatorum,  124 
Organised  ferments,  58,  61 
Oriental,  or  Bubonic  plague,  218-21 
Osteomyelitis,  102-6 
Ovarian  fluid  agar,  125 


Packet  cocci,  38,  46 
Paget's  disease,  253 
Paraffin,  to  imbed  in,  273 

sections,  99 
Parasite,  facultative,  and  obligate,  36 

of  cancer,  254 
'  Parietti '  broth,  5,  179 
Pasquale,  251 
Pasteur,  62,  235 
Pasteur-Chamberland  filter,  180 
Pasteurisation,  142 

Pasteur's  microbe  desalive  {Micjvcoccus 
Fastenri),  117 
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Pasteur's      Septicffiinia  (maUgnant 

cedema),  233 
Pathogemc  organisms,  101 
Peritonitis,  suppurative,  110 
Pcstis  B.,  218 
Peters,  161 
Petri  culture  dish,  24 

.  for  anaerobes,  22b 
preparations,  24 
Peyer's  patches,  183 

Pfeifl'er's  influenza  bacillus,  217  , 

reaction,  200 
Phagocytosis,  113 
Pharyngeal  catarrh,  163 
Phthisis,  56, 101, 110,  217  I 
Pigment  formation,  42  .  n 

and  lactic  acid,  39 
Pityi-iasis  versicolor,  73 
Placfue  bacillus,  207e,  218  _  ^ 

protective  inoculation,  220 
Plasmodium  malaria,  240 
Plasmodium  in  Tsetse  fly  disease,  248 
Plasmolysis,  177 
Plate-cultivations,  23 
Pleurisy,  suppurative,  110 
Pleuritic-effusion  serum-agar,  125 
Plimmer,  232,  253,  254-8 
Pneumo-bacillus  of  Friedldnder,  104, 

106,  116e,  117,  118,  121 
Pneumococcal  septica5mia,  119 
Pneiomococciis    of  Talamon-Frankel, 
104,  112, 116fi,  117-21, 
218 

immunity  and  serum- 
therapy,  121 

vitality  and  virulence, 
119 

Widal's  reaction,  121 
Pneumonia,  croupous,  117 

lobular,  117 
Poore,  Prof.  G.  V.,  70 
Postulates,  Koch's,  101 
Potato,  10 

gelatine,  13,  175-6 
infusion,  214 
Preparation,  impression,  31 
'  Proof  '  agar,  English,  and  French,  74 
Prostatic  threads,  123 
Protective  proteids,  167 
Proteosoma,  245 
Proteus  mirabilis,  67,  267 

vulgaris,  64c,' 64-5,  68 
Zenkeri,  Qie,  64,  65,  67 
Pseiido-cliiMheria  (Hoffmann's),  or 
Pseudo-diphtheritic  (Loffier's)  bacil- 
lus, 163-6 
Pseudo-tuberculosis  (unscientific  term), 
150 

Psoro-spermosis,  251 
Puerperal  affections  in  cows,  and  meat 
poisoning,  189 


Puerperal  fever,  102,  106,  110,  111 
Pure  cultures  from  mixed  plate,  28 
Pus,  '  aseptic,'  105 

Putrefaction,  or  putrid  fermentation, 

54,  57,  67-70 
Putrefactive  organisms,  67e 
Pyffimia,  102,  103,  106,  110,  123 
Pyocyaneus,  B.,  35e,  40 

antagonistic   to   B.  An- 

thracis,  42 
immunity    and  serum- 
therapy,  42 
Widal's  reaction,  42 
Pyocyanin,  42 
Pyogenic  organisms,  96 
Pyosalpinx,  gonorrhoeal,  124 
tuberculous,  142 

Qdartek-evil,  222e,  235-9 

protective  inoculation, 
238 

Eat's  fur,  and  plague  infection,  219 
Eauschbrand,  235-9 
Eay-fungus  (actinomycosis),  208 
Eeaction,  cholera  red  (or  nitroso-indol), 
198 

Durhain-G-ruber's,  200 
indol,  or  nitroso-indol,  169, 
174 

Pfeiffer's,  200 
Widal's,  183-9 
Eelapsing-fever   (and    the  Spirilhm 

Obermeieri),  46 
Eembinger,  183 
Eennet,  58,  59,  60 
Ehinitis,  membranous,  163,  164 
'  Eice-water  stools,'  201 
Ringworm  f  ungus,  lie,  79-93,  95 

method  of  cultivation,  74 
examination,  76 
inoculating  from 

a  hair,  7 5 
staining,  77 
clinical  features,  81 
cultures,  appearance  of,  85- 
93 

frequency,  81 
giant-spores,  83,  84 
microscopic  appearance,  82 
mode  of  invasion,  80,  83 
source  of,  80-1 

'  Eitual '    for    removing  culture-tube 
plugs,  15,  19 

Eosa  Hefe,  56 

Eosette,  stage  of  malaria  parasite,  242 
Eoss,  Major,  I.M.S.,  244-5 
Eoux,  165,  231-8 

Euft'er  Pasha,  M.D.,  His  Excellency, 
252-4,  255-6 
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Sabodraud,  81,  83,  88-91,  92 
Sabouraud's  '  milieu  cl'6preuve,'  74 
Saccharomyccs  albicans,  53e,  54,  5G-7 
73 

cerevisice,  536,  55,  57,  61 
clUpsoidetis  I.,  62 
viycoddina,  62 
pastorianus  II.,  55 
rosaceus,  56 
Saccharomycetes,  53-63 
Saline-peptone-agar,  125 
Salpingitis,  gonorrhoeal,  124 
tuberculous,  142 
Sanarelli,  and  cholera-like  vibrios,  206 

and  Yellow  fever,  192 
Sanarelli's  method  of  increasing  viru- 
lence, 181-2 
Saprffimia,  102 

Saprophytes,  36,  38,  43,  75,  202 
Sarcina  lutea,  44e,  46 

pulmonum,  46 

ventriculi,  46 
'  Sarcoma,'  '  osteo-,'  or  '  bony,'  208 
Sarcoma  treated  with  Coley's  Fluid,  111 
Savage,  W.  G.,  130  /.«.. 
Sawtschenko,  254 
Scarlet-fever,  110,  163 
Schizo-mycetes,  52 
'  Schools  of  fish,'  199 
'  Scirrhus  cord,'  208 
Scutulum,  93 

Section-cutting,  in  gum,  97 

in  paraffin,  99 
-staining,  97-101  (see  '  Methods 
of  Staining ') 
Sedimentation-tubes,  185-6 
Seligmann,  213 
Semple,  185-8,  191,  232 
Septicsemia,  103-110 

Gangrenous,  233 

Mouse,  207e,  215-17 

of     Pasteur  (Malignant 

(Edema),  233 
Pneumo-coccal,  119 
Septic  endocarditis,102,  103,  106 
intoxication,  102 
throat,  106, 109, 110, 121, 163,267 
Serum,  Immunising,  166 

Anti-pneumococcus,  121 

Widal's  re- 
action with, 
121 

Anti-streptococcus,  111 
Anti-tetanus,  231 

injection  of,  intracerebral, 
231-2 

subdural,  232 

Serum-diagnosis,  Widal's,  42,  181,  182, 
183-9 
dead  cultures  used  for, 
185,  187 


Serum-diagnosis,  Durham  on,  189 
is  specific,  188 
original  method,  184 
rapid  clinical  method, 
183 

Wright  and  Semple's 
method,  185-8 
Shattock,  161,  211',  21-3-14 
Silk  threads,  to  prepare,  267 
Sleepiness  of  pears,  73 
Sloughs,  typhoid,  181 
Smegma  bacillus,  144 
Smith,    Captain   Frederick,  E.A.M.C., 

Diphtheria  bacilli  in  urine,  162 
Soil  bacteria,  52, 68-70, 226,  233, 235, 266 
Soil,  deep,  sterility  of,  68 
Soudakewitch,  254 
Sour  milk,  organism  of,  57 
Spasmo-toxin,  231 
Spirillum,  37,  198-9 

Miller's,  206 

Obermeicri,  46 

rubrum,  iic,  46-7 

tyrogenum,  206 
Spiroclicetc,  38,  47 
Sporangium,  73 
Spore-formation,  52-3,  55 

-staining,  47e-9,  50-1 
Sporotrichum,  92 

Spreading  traumatic  gangrene,  233 
Sputum,  phthisical,  46/.M.,  128-30, 131 
sterilisation  of,  131 

f.n.,  142 
watery,  131 
Staining  Metlwds,  Simple  (see  'Methods 

of  Staining '),  16-18 
Staining  Methods,  for  flagella,  169-72 
Gram's,  9C-8 
Gram-Weigert's,  99 
for  spores,  47-9 
Ziehl-Neelsen's,  for 
tubercle  and  leprosy 
bacilli,  130,  132 
Staining  times,  17,  18 
Stains,  acid-fuchsin,  or  rubin,  252 

acid-fuchsin  and  orange  G,  257 
anilin-fuchsin,  16-17 
anilin-gentian-violet,  16-17 
Bordeaux-red,  255,  257 
carbol-fuchsin,  16-17 
Ehrlich-Biondi    mixture,  252, 

255,  257-8 
Ehrlich's  hsematoxylin,  241 
Heidenhain's  iron  hfsmatoxylin, 
257 

Kiihne's  blue,  16 
Jenner's  Eosin-Methylene-blue 
241 

Loffler's  methylene-blue,  16 
thionin,  16,  256 
Stand  for  stains,  17 
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Staphylococcus,  38,  lOG-9,  112,  117 

associated  with  Yellow 

fever,  192 
cercus  albus,  !)6e,  109 
flavus,  9Ce,  109 
epidermidis  albus,  103, 

.  108,  109 
pyogenes     nlbus,  9Ce, 

102,  106-8 
pyogenes    aureus,  96e, 
102,  105,  lOC-8 
pathogenic  properties 

nf,  107 
poison  of,  107?i. 
pyeemia,  108 
pyogenes    citreus,  96c, 
102,  106,  109 
Staphylo-myeosis,  metastatic,  108 
Sterigmata,  78 
Sterilisation  of  cultures,  33 

glass  apparatus,  1 
hypodermic  needles,  152 
f.n. 

knives  and  instruments, 
152 

tissues  and  organs  {e.g. 
heart,  spleen),  158, 182 
Steriliser,  Autoclave,  8 
Hot  air,  1 
Steam,  2,  3 
Sterility  of  deep  soil,  68 
Sternberg's  method  (test  for  antiseptics), 
269 

'  Stocking-foot '  culture,  203 
Stool,  in  Malta  fever,  a  source  of  infec 
tion,  191-2 

'  rice  water  '  (cholera),  199 

typhoid,  172 

Yellow-fever,  excess  of  B.  Coli  in, 
192 

Strauss,  149 

Strauss's  method  (for  the  diagnosis  of 

glanders),  157 
Streptobacilli,  220 
Strejytococciis,  38,  110-15 

associated  with  B.  tuber- 
culosis, 102 
associated    with  Yelloiv 

Fever  organism,  192 
mode  of  multiplication, 
112 

pathogenic  properties  of, 
113 

poisonous  products,  115 
present  in  Coley's  fluid, 
111 

varieties  of,  and  their 
real  identity,  114-15 

virulence  enormous,  in- 
crease of,  '  per  passage,' 
113  f.n. 


Streptococcals,  erysipelatis,  96e,  110-15, 
117 

2}yogenes,  96e,  102  -6, 1 10, 
117 

in  sections,  113, 
117 

Strepto-mycosis  metastatic,  114 
Streptothrix  filaments  of  Actinomyces, 

37,  207c,  208-13,  214- 

15 

tilamenls  of  Madura  fun- 
gus, 37,  207c,  211,  213- 

varieties  of  fungus,  214 
Strongylus  Jilarice,  and  Pseudo-tuber- 
culosis, 150 
Sub-lethal  dose,  166 
Sugar-fermentatiou,  57  8 
Suppuration,  '  aseptic,'  105 

organisms    of,    96,  102, 
106 

'  Swarmers,'  65-6 
Sycosis,  85 

Symmers,  41,  136, 182,  220 
Symptomatic  anthrax,  222e,  235-9 
Syphilis  bacilhis,  144 

Tables  for  recapitulation  (see  Appendix 
C,  275) 

Teeth,  carious,  associated  with  Lepto- 
thrix  buccalis,  37 
associated  with  Miller's 
spirilhmi,  206 
Tetanin,  tetano-toxin,  and  spasmo-toxin 
231 

Tetanus,  222e,  226-233,  236 

how  tetanus-toxins  enter  the 

system,  231 
nerve-cell     changes  demon- 
strated, 231 /.w. 
serum,  immunising,  231 

intracerebral,  and  sub- 
dural injections  of, 
231-2 

Tetrads,  38 

Thallophytes,  Achlor aphyllous,  37 
Thin, 253 
Thionin,  16,  257 

Thoinot  and  Masselin,  136,  182,  237 

Thomson,  Campbell,  231  f.n. 

Threads,  silk,  for  testing  antiseptics, 

Throat,    diphtheritic,  106,   108.  109 
110, 129 
septic,  106,  109,  110,  121 
tonsillitis,    Acute  follicular. 
267 

Thrush,  54,  56 
Tinea  circinata,  75,  82 
sycosis,  82 
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Tinea  vevsicolor,  73 

'  ''"ondantc  2>dadu'ide,'  81 

Tonsillitis,  lOG 

acute  follicular,  267 
Torula,  Black,  or  nigra,  5Se,  50 

Pink,  or  rosea,  53c,  55,  5(j 
Toriilacece,  56 
Toxtemia,  103,  231 
Trachoma,  1(3(5 

Travelling  vermicule,  244  f.n.,  240 
Tiicliophytvn,  74-6;  79,  80 

cultural  characters,  88- 
93 

ecMhria;  71),  80-4,  90-1 
endo-thrix,  79,80,  81,  84, 
90 

endo-ecto-tlirix,  80,  81 
fructification  of,  92 
microscopic  appearances, 
91 

Trouessart,  02 

'  Tsetse  iiy  disease,'  248 

Tubercle  bacillus,  139-150 

destroyed    by  heat, 
142 

in  sections,  142 
spore  formation,  141 

Tuberculins,  149 
Tuberculosis,  129,  130e,  139-150 
Tuberculosis,  Avian,  142,  148 
Pseudo-,  150 

Urinary,  131e,  143,  144-6 
inoculation  for 
diagnosis  of, 
145-8 
spread  of  tubercle 
bacillus  through 
lymphatics, 
145-8 

Tuberculous  milk,  143 

sputum,  46  f.n.,  128,  130 
131  f.n.,  142 
sterilisation  of, 
131  f.n. 
urine,  131c,  143-4 
Turpentine,  inoculation  with,  105 
Typhoid  fever,  56 

sloughs,  181 
Typhoid  bacilhts,  168-9 

differentiation  of,  179 
hanging-drop,  178 
inoculation  with,  181 
most   important  tests 

for,  177 
isolation  of,  179 
jDoison,  a  i^roteose,  183 
in  tissues,  179 
pure  cultures,  to  obtain 

from  spleen,  182 
virulent  cultures,  how 
to  obtain,  181 


ULciofiATivK  endo-carditis,  102, 103,  106 
Unit,  anti-toxin,  1(37-8 

■  normal  ('  N.U.'),  167 
Unsound  meat,  189 
Urine-agar,  with  egg-albumin,  125 

with  placental  blood-serum, 
125 

^\''th  peptone  broth,  125 
Urme,  Albuminous,  as  a  medium,  125 
Bacilli  in  : 

JJ.  coli,  172 
B:  diphtlierics,  162  f.n. 
B.  htberculosis,  131 
B.  typhosus,  172 


Vaginitis,  123 

Veal  broth,  140 

Vibrio,  38,  199 

Vibrio  cholera:  Asiaticce,  193 

varieties  of.  Angers,  202 
Massoiuah, 
201-2 

Vibrio  Finkler- Prior,  202 
!  Metchnikovi,  204 

I  Vibrion  sepfique,  233 
I  Vincent,  213-15 

I  Virulence  and  vitality  of  spores :  B. 

siibtilis,  51  ;  B.  tctani,  230-1 
I  Virulent  cultures  of  typhoid  bacillus, 
\      to  obtain,  181 


Walker,  253-4-5 

Washbourn,  117,  118,  119 

Water,  deep,  to  obtain  samples  of,  264 

Water,  purity,  Standard  of,  206 

qualitative  examination  of,  203, 
265  :  for  B.  anthracis,  &o.,  265-6  ; 

for  B.  coli,  or  B.  typhosus,  180 
quantitative  examination  of,  263- 
265 

special  methods  for  spores,  and 
certain  organisms,  205-6 
Whooping-cough,  166 
Wickham,  253-4 

Widal's  serum-diagnosis,  105, 182, 183-9 
is  a  specific  reaction,  184 
given  with,  e.g.,  B.  Clwlerce,  201 
B.  coli,  188 
B.  enterifidis  (Gart- 
ner), 190 
B.  mallei,  157 
B.  pyocyaneus,  42 
B.    typhosus  (after 

fifth  day),  183-9 
Micrococcus  Meliten- 

sis,  191 
Pncumo-coccus,  121 
Wine,  and  its  diseases,  02 
Winogradsky,  69 
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'  Wooden-tongue,' 208 
Wooclhead,  Sims,  39,  42-3,  208,  212, 
210 

'  Woolsorters'  disease,'  133 

Wort,  59,  (51 

Wright  and  Semple,  185 

on    Malta  fever, 

191,  201 
method  of  serum 

diagnosis,  185-8 
on  the  use  of  dead 

cultures,  185, 187 

Wurtz,  95,  218 


Yeast,  43,  54-63 
beer,  55,  61 
brewer's,  63 
German,  63 
'  high,'  or  '  top,'  61 


Yeast, 'low,' or 'bottom,' 61 
pink,  56 
'  wild,'  55 

Yeast  ferments   used  in  treatment  of 

cancer,  36,  59 
Yeasts  and  moulds,  54 

Siud  putrefactive  organisms,  54 
and  spore-formation,  55-6 
and  TorulcB,  difference  between, 
55 

Yellow  fever,  and  B.  ideroides,  192 

secondary  infections  in,  192 
Yersin,  165,  219 

Ziehl-Neelsen's  method,  for  sections, 

130-1,  141 
Ziehl-Neelsen's  method,  for.  sputum 

132-3, 141-2,  152 
'  Zymase,'  60 
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